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jryhuqphqw erqg |lhog fxuyhv= Zk| vxfk gl￿huhqfhvB
￿ulf Mrqghdx Urodqg UlfduwW
Iheuxdu| 4<<<
Devwudfw
Lq wklv sdshu/ zh hydoxdwh wkh lqirupdwlrq frqwhqw ri wkh |lhog fxuyh dv uh0
jdugv ixwxuh lqwhuhvw udwhv dqg lq dwlrq lq Iudqfh dqg Jhupdq|1 Dq ruljlqdo gdwd
vhw ri orqj0whup }hur0frxsrq lqwhuhvw udwhv iru Iuhqfk dqg Jhupdq jryhuqphqw
erqgv zdv frqvwuxfwhg iru wkh shulrg 4<;30<:1 Hpslulfdo hylghqfh vkrzv wkdw
wkh Jhupdq |lhog fxuyh kdv d vljql￿fdqw lqirupdwlrq frqwhqw derxw wkh ixwxuh
dyhudjh fkdqjh lq vkruw0whup udwhv dqg wkh ixwxuh sdwk ri lq dwlrq1 Wkh lqirupd0
wlrq frqwhqw ri wkh Iuhqfk |lhog fxuyh lv pxfk pruh olplwhg dqg lv rqo| uhohydqw
iru wkh dyhudjh fkdqjh lq vkruw0whup udwhv1 Zh vkrz wkdw wkh gl￿huhqfh ehwzhhq
wkh uhvxowv rewdlqhg iru erwk frxqwulhv pdlqo| vwhpv iurp orzhu yduldelolw| lq
Jhupdq ulvn suhpld wkdq lq Iuhqfk ulvn suhpld1
U￿vxp￿
Qrxv ￿ydoxrqv gdqv fh sdslhu oh frqwhqx hq lqirupdwlrq gh od shqwh ghv wdx{
frqfhuqdqw ohv wdx{ g*lqw￿u￿w hw o*lq dwlrq ixwxuh hq Iudqfh hw hq Doohpdjqh1 Xqh
edvh gh grqq￿hv frqwhqdqw ohv wdx{ }￿ur0frxsrq lvvxv ghv wlwuhv sxeolfv iudqŒdlv
hw doohpdqgv d ￿w￿ frqvwuxlwh ª fhwwh ￿q srxu od s￿ulrgh 4<;30<:1 Qrxv wurxyrqv
txh od shqwh ghv wdx{ doohpdqgh d xq frqwhqx hq lqirupdwlrq vljql￿fdwli srxu od
yduldwlrq pr|hqqh ghv wdx{ frxuwv hw srxu od wudmhfwrluh gh o*lq dwlrq1 Oh frqwhqx
hq lqirupdwlrq gh od shqwh ghv wdx{ iudqŒdlvh hvw ehdxfrxs soxv olplw￿ hw q*hvw
vljql￿fdwli txh srxu od yduldwlrq pr|hqqh ghv wdx{ frxuwv1 Qrxv prqwurqv txh od
gl￿￿uhqfh hqwuh ohv u￿vxowdwv rewhqxv srxu ohv ghx{ sd|v surylhqw hvvhqwlhoohphqw
gh od soxv idleoh yduldelolw￿ gh od sulph gh ulvtxh doohpdqgh sdu udssruw ª od
sulph gh ulvtxh iudqŒdlvh1
Nh| zrugv= Whup vwuxfwxuh ri lqwhuhvw udwhv/ Lqirupdwlrq frqwhqw1
Fodvvl￿fdwlrq MHO= H76
WWkh dxwkruv duh iurp wkh Edqtxh gh Iudqfh1 Sohdvh iruzdug frpphqwv wr wkh ￿uvw dxwkru wr
Edqtxh gh Iudqfh/ 74046<4 Fhqwuh gh Uhfkhufkh/ 64 uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv/
Iudqfh/ skrqh= +66, 40750<507<0;</ h0pdlo= hmrqghdxCedqtxh0iudqfh1iu1
44 Lqwurgxfwlrq
Wkh |lhog fxuyh lv vxssrvhg wr uh hfw lqyhvwruv* h{shfwdwlrqv derxw hfrqrplf ydul0
deohv1 Iru fhqwudo edqnv lw fdq eh khosixo dv dq lqglfdwru ri h{shfwdwlrqv frqfhuqlqj
ixwxuh lqwhuhvw ru lq dwlrq udwhv1 Prvw qdwxudoo|/ dvvxplqj djhqwv duh udwlrqdo/ wkh
vorsh ri wkh |lhog fxuyh +wkh whup vsuhdg, dw d jlyhq gdwh pd| uh hfw wkhlu h{shfwd0
wlrqv zlwk uhjdug wr ixwxuh lqwhuhvw udwhv vlqfh/ zkhq wkh h{shfwdwlrqv k|srwkhvlv ri
wkh whup vwuxfwxuh +HK, krogv/ wkh 50|hdu udwh wrgd| pd| eh ylhzhg dv wkh dyhudjh
ri wkh 40|hdu udwh wrgd| dqg wkh 40|hdu udwh lq d |hdu*v wlph1 Wkh vsuhdg ehwzhhq
wkh 50|hdu dqg 40|hdu udwhv wrgd| lv wkhq htxdo/ h{fhsw iru d frqvwdqw suhplxp/ wr
wkh fkdqjh lq wkh 40|hdu udwh ehwzhhq wrgd| dqg rqh |hdu iurp qrz1 Ohvv gluhfwo|/
wkh vorsh ri wkh whup vwuxfwxuh lv wkrxjkw wr frqwdlq lqirupdwlrq derxw wkh h{shfwhg
sdwk ri lq dwlrq1 Wklv dssurdfk lv edvhg rq wkh Ilvkhu uhodwlrq/ dffruglqj wr zklfk
wkh h{shfwhg uhdo udwh +gh￿qhg dv wkh qrplqdo udwh plqxv wkh h{shfwhg lq dwlrq udwh
iru wkh shulrg fryhuhg e| wkh lqwhuhvw, lv frqvwdqw ryhu wlph1 Wkh vsuhdg ehwzhhq
wkh 50|hdu dqg 40|hdu udwhv wrgd| zrxog wkxv eh htxdo wr wkh gl￿huhqfh ehwzhhq wkh
h{shfwhg lq dwlrq udwh iru wkh qh{w wzr |hduv dqg wkh h{shfwhg lq dwlrq udwh iru wkh
qh{w |hdu1
D qxpehu ri vwxglhv kdyh phdvxuhg wkh suhglfwlyh srzhu ri wkh |lhog fxuyh1 Frq0
fhuqlqj lqwhuhvw udwh iruhfdvwv wkhpvhoyhv/ wkh HK krogv iru fhuwdlq w|shv ri whvw ru
fhuwdlq sdluv ri pdwxulwlhv exw lw lv fohduo| uhmhfwhg iru rwkhuv14 Frqfhuqlqj lq dwlrq
iruhfdvwv/ lw lv eurdgo| dssduhqw wkdw wkh |lhog fxuyh grhv lqghhg frqwdlq vrph lqiru0
pdwlrq/ exw wkdw lwv suhglfwlyh frqwhqw lv udwkhu olplwhg15 Prvw vwxglhv rq wkh vxemhfw
kdyh ehhq fduulhg rxw rq XV gdwd ru rq vkruw0whup udwhv1 Wklv lv kdugo| vxusulvlqj=
zkloh lw lv hdv| wr rewdlq gdwd rq vkruw0whup udwhv +lqwhuedqn udwhv/ Hxur0fxuuhqf|
udwhv,/ wkh frqvwuxfwlrq ri |lhog fxuyhv lqfoxglqj orqj0pdwxulw| lqwhuhvw udwhv lv erwk
gl!fxow dqg frvwo|1 Wklv sureohp lv looxvwudwhg e| Plvknlq*v wzr lqwhuqdwlrqdo vwxglhv
+Plvknlq/ 4<<4/ dqg Mrulrq dqg Plvknlq/ 4<<4,= wkh ￿uvw/ edvhg rq 40 wr 450prqwk
Hxur0fxuuhqf| udwhv/ fryhuhg 43 frxqwulhv zkloh wkh vhfrqg/ edvhg rq 40 wr 80|hdu
udwhv/ zdv deoh wr fryhu rqo| 7 frxqwulhv dqg zlwk gdwd ri gl￿huhqw ruljlqv +iurp
jryhuqphqw vhfxulwlhv ru iurp Hxur0fxuuhqf| pdunhwv,1 Eurzqh dqg Pdqdvvh +4<<3,
dovr xvhg gdwd iurp gl￿huhqw vrxufhv= iru Jhupdq|/ iru h{dpsoh/ wkh| xvhg lqwhuedqn
pdunhw udwhv iru vkruw pdwxulwlhv dqg jryhuqphqw vhfxulw| udwhv iru orqj pdwxulwlhv1
Vrph dxwkruv pdgh xs iru wkh odfn ri lqirupdwlrq dw wkh orqj hqg ri wkh fxuyh e|
vwxg|lqj wkh lqirupdwlrq frqwhqw ri wkh vsuhdg ehwzhhq 430|hdu udwhv dqg 60prqwk
udwhv +Kdugrxyholv/ 4<<7/ Hvwuhood dqg Plvknlq/ 4<<8/ Jhuodfk/ 4<<9,1 Ehfdxvh ri
lwv ehqfkpdun uroh lq prvw frxqwulhv/ wkh 430|hdu udwh lv hdvlo| dydlodeoh iru vwxglhv
fryhulqj orqj shulrgv1 Krzhyhu/ xvlqj wkh 430|hdu udwh lv qrw zlwkrxw gudzedfnv16
Zlwk uhjdug wr wkh lqirupdwlrq frqwhqw ri wkh |lhog fxuyh lq Iudqfh/ zkloh wkh
vkruw hqg ri wkh fxuyh kdv ehhq wkh vxemhfw ri vrph vwxglhv/ qr v|vwhpdwlf frqvlghu0
4Vhh/ h1j1/ Fdpsehoo dqg Vkloohu +4<;:/ 4<;;/ 4<<4,/ Vkloohu +4<<3,/ Idpd +4<<3,/ Vkhd +4<<5,/
Kdugrxyholv +4<<7,/ Fdpsehoo +4<<8,1
5Vhh/ h1j1/ Idpd +4<<3,/ Plvknlq +4<<3d/ 4<<3e/ 4<<4,/ Mrulrq dqg Plvknlq +4<<4,1
6Iluvw/ wkh 43 |hdu 0 6 prqwk vsuhdg vkrxog frqwdlq lqirupdwlrq derxw lqwhuhvw udwhv ru lq dwlrq lq
43 |hduv* wlph1 Dq| lqihuhqfh edvhg rq wklv vsuhdg lpsolhv wkh orvv ri wkh revhuydwlrqv iurp wkh odvw
43 |hduv1 Pruhryhu/ lw lv qrw fohdu wkdw wkh 430|hdu udwh lv wkh rqh zklfk frqwdlqv wkh prvw vljql￿fdqw
lqirupdwlrq derxw lqwhuhvw udwhv ru lq dwlrq1 \lhog fxuyhv duh jhqhudoo| yhu|  dw ehwzhhq krul}rqv
ri 8 dqg 43 |hduv/ zkloh lqyhvwruv duh olnho| wr kdyh d pxfk pruh dffxudwh iruhfdvw ri lq dwlrq ryhu
wkh qh{w 5 wr 8 |hduv wkdq ryhu wkh qh{w 431 Vr xvlqj wkh 430|hdu udwh/ udwkhu wkdq wkh 80|hdu udwh
iru h{dpsoh/ pd| wkhuhiruh lqwurgxfh dgglwlrqdo qrlvh1
5dwlrq ri wkh orqj hqg kdv ehhq srvvleoh/ pdlqo| ehfdxvh ri wkh odfn ri dydlodeoh gdwd1
Vwxglhv ri wkh vkruw hqg ri wkh Iuhqfk |lhog fxuyh eurdgo| vxssruw wkh HK= xvlqj Hxur0
fxuuhqf| udwhv/ Jhuodfk dqg Vphwv +4<<:, dqg Mrqghdx dqg Ulfduw +4<<9, frqfoxgh
wkdw lq prvw fdvhv wkh lpsolfdwlrqv ri wkh HK fdqqrw eh uhmhfwhg1 Olnhzlvh/ Plvknlq
+4<<4, vwdwhv wkdw Iudqfh lv wkh rqo| rqh ri wkh frxqwulhv fryhuhg e| klv vwxg| wr vkrz
vwurqj hylghqfh lqglfdwlqj wkdw wkh whup vwuxfwxuh kdv vljql￿fdqw iruhfdvwlqj delolw|
frqfhuqlqj lq dwlrq1 Eurzqh dqg Pdqdvvh +4<<3, dovr rewdlq udwkhu idyrxudeoh uh0
vxowv zlwk Iuhqfk gdwd iru wkh shulrg 4<:<0;;1 Mrqghdx dqg Ulfduw +4<<;, ￿qg olwwoh
vxssruw iru wkh HK xvlqj orqj0whup jryhuqphqw erqg |lhog fxuyhv1 Qrqhwkhohvv/ zh
irxqg qr vwxg| ghdolqj zlwk wkh lqirupdwlrq frqwhqw ri wkh whup vwuxfwxuh dv uhjdugv
lq dwlrq1
Wkh vkruw hqg ri wkh Jhupdq |lhog fxuyh eurdgo| vxssruwv wkh HK +Nxjohu/ 4<<3/
Jhuodfk dqg Vphwv/ 4<<:/ dqg Mrqghdx dqg Ulfduw/ 4<<9,1 Kdugrxyholv +4<<7, dqg
Jhuodfk +4<<9, rewdlq vlplodu uhvxowv xvlqj wkh 430|hdu 0 60prqwk vsuhdg1 Krzhyhu/
wkh lqirupdwlrq frqwhqw ri wkh orqj0pdwxulw| whup vwuxfwxuh dv uhjdugv lqwhuhvw udwhv
kdv qrw |hw ehhq v|vwhpdwlfdoo| phdvxuhg1 Zlwk uhjdug wr lq dwlrq iruhfdvwv/ rq
wkh rwkhu kdqg/ lw lv srvvleoh wr glvwlqjxlvk ehwzhhq wkh uhvxowv rewdlqhg zlwk vkruw
udwhv dqg wkrvh rewdlqhg zlwk orqj udwhv1 Xvlqj Hxur0fxuuhqf| udwhv iurp 4 prqwk
wr 45 prqwkv ryhu wkh shulrg 4<:60;9/ Plvknlq +4<<4, rewdlqv udwkhu xqidyrxudeoh
uhvxowv= wkh frh!flhqw ri wkh |lhog fxuyh lv orz +ehwzhhq 3 dqg 318 dffruglqj wr
wkh pdwxulw|, dqg qrw vljql￿fdqwo| gl￿huhqw iurp 31 Xvlqj orqj0whup udwhv ghulyhg
iurp wkh Exqghvedqn gdwdvhw ryhu wkh 4<:60;< shulrg/ krzhyhu/ Mrulrq dqg Plvknlq
+4<<4, vkrz wkdw/ ryhu wkh vdph shulrg/ wkh +704,0|hdu dqg +804,0|hdu vsuhdgv kdyh
d vljql￿fdqw lqirupdwlrq frqwhqw frqfhuqlqj lq dwlrq1 Wklv uhvxow lv frq￿uphg dqg
h{whqghg e| Jhuodfk +4<<8,1 Xvlqj wkh vdph gdwd vhw h{sdqghg wr fryhu wkh shulrg
4<9;0<8/ kh ￿qgv wkdw wkh lqwhuphgldwh vhjphqwv ri wkh |lhog fxuyh duh wkh prvw
lqirupdwlyh iru iruhfdvwlqj lq dwlrq1 Wklv lv wkh fdvh/ iru h{dpsoh/ ri wkh +804,0|hdu/
+904,0|hdu dqg +805,0|hdu vsuhdgv1 Vfklfk +4<<9, xvhv }hur0frxsrq |lhog fxuyhv wr
hvwlpdwh wkh lqirupdwlrq frqwhqw ri wkh whup vwuxfwxuh dv uhjdugv lq dwlrq ryhu wkh
shulrg 4<:50<91 Kh ￿qgv wkdw wkh wkuhh wr hljkw |hdu vhjphqw lv wkh prvw lqirupdwlyh1
Wkh ￿uvwremhfwlyh ri wklv sdshulv wr phdvxuh dqgfrpsduh wkh lqirupdwlrqfrqwhqw
ri wkh Iuhqfkdqg Jhupdqwhup vwuxfwxuhv dv uhjdugv lqwhuhvw udwhv dqglq dwlrq/ xvlqj
krprjhqhrxv gdwd1 Iru wklv sxusrvh/ zh frqvwuxfw hqg0ri0prqwk }hur0frxsrq |lhog
fxuyhv iru Iuhqfk dqg Jhupdq ihghudo jryhuqphqw erqgv ryhu wkh shulrg 4<;30<:1 Zh
xvh wkh phwkrgrorj| ghyhorshg e| Qhovrq dqg Vlhjho +4<;:, wr h{wudfw }hur0frxsrq
udwhv iurp erqg |lhogv0wr0pdwxulw|1 Wklv doorzv xv wr hvwlpdwh }hur0frxsrq udwhv iru
d zlgh duud| ri pdwxulwlhv iurp 4 wr : |hduv1 Hpslulfdo hylghqfh vkrzv wkdw Jhupdq
udwhv kdyh pxfk juhdwhu suhglfwlyh srzhu iru lqwhuhvw udwhv dqg lq dwlrq wkdq Iuhqfk
udwhv1
Rxu vhfrqg remhfwlyh lv wr h{sodlqwkh gl￿huhqfhv ehwzhhq wkh lqirupdwlrqfrqwhqwv
ri wkh whup vwuxfwxuhv ri erwk frxqwulhv1 Zh dgrsw wkh ghfrpsrvlwlrq ri wkh hvwlpdwhg
vorsh frh!flhqw vxjjhvwhg e| Idpd +4<;7, dqg Kdugrxyholv +4<;;,1 Zh ￿qg wkdw wkh
vxevwdqwldo  xfwxdwlrqv ri whup suhpld dqg uhdo lqwhuhvw udwhv ryhu wlph jlyh dq
h{sodqdwlrq iru wkh lqdelolw| ri wkh Iuhqfk whup vwuxfwxuh wr surylgh lqirupdwlrq
derxw wkh ixwxuh sdwkv ri lqwhuhvw udwhv dqg lq dwlrq1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 lv ghyrwhg wr wkh
lqirupdwlrq frqwhqw ri wkh whup vwuxfwxuh dv uhjdugv lqwhuhvw udwhv1 Vhfwlrq 6 ghdov
zlwk wkh lqirupdwlrq frqwhqw frqfhuqlqj lq dwlrq1 Vhfwlrq 7 frqfoxghv wkh sdshu1
65 \lhog Fxuyh dqg Ixwxuh Lqwhuhvw Udwhv
514 Phwkrgrorj|
Prvw zrun rq wkh lqirupdwlrq frqwhqw dv uhjdugv lqwhuhvw udwhv lv edvhg rq wkh h{shf0
wdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv/ zklfk kdv ehhq dexqgdqwo|
vwxglhg +vhh wkh dxwkruv txrwhg lq wkh lqwurgxfwlrq,1 Edvhg rq wkh mrlqw dvvxpswlrq
ri qr duelwudjh rssruwxqlwlhv dqg udwlrqdo h{shfwdwlrqv/ wkh HK vwdwhv wkdw wzr lq0
yhvwphqwv pdgh dw wkh vdph gdwh dqg zlwk wkh vdph pdwxulw| pxvw kdyh wkh vdph
h{shfwhg |lhog/ h{fhsw iru d wlph0 lqghshqghqw suhplxp1
Frqvlghu wkh ghfrpsrvlwlrq ri wkh |lhog wr pdwxulw| l
E?￿
| dw w rq d q0shulrg }hur0
frxsrq erqg lqwr wzr frpsrqhqwv= wkh dyhudjh ri h{shfwhg |lhogv wr pdwxulw| rq


















6 lv dq lqwhjhu dqg H| ghqrwhv wkh h{shfwdwlrq frqglwlrqdo rq lqirupdwlrq
dydlodeoh dw wlph w1 Wkh HK srvlwv wkdw wkh whup suhplxp pd| ghshqg rq p dqg q/
exw lw pxvw eh wlph lqghshqghqw/ wkdw lv H|￿
E6c?￿
| @ ￿E6c?￿/ ;w1
Vlqfh wkh plg04<;3v/ surplqhqw olwhudwxuh kdv whvwhg wkh hpslulfdo ydolglw| ri wkh
HK1 Vhyhudo whvwv kdyh ehhq sursrvhg/ exw khuh zh frqvlghu wkrvh vwxglhg e| Fdpsehoo
dqg Vkloohu +4<<4, dqg Kdugrxyholv +4<<7,/ gluhfwo| ghulyhg iurp htxdwlrq +4,18 Wkh
￿uvw htxdwlrq lv edvhg rq wkh uhodwlrqvkls ehwzhhq wkh h{shfwhg fkdqjh lq wkh |lhog

















| 1+ 5 ,
Wkh OKV ri htxdwlrq +5, fdq eh dssur{lpdwho| lqwhusuhwhg dv wkh h{shfwhg fkdqjh






| ghqrwhv wkh kroglqj whup
suhplxp1 Qrwh wkdw xqghu frqvwdqw whup suhpld/ wkh kroglqj whup suhplxp lv mxvw
gh￿qhg dv *E6c?￿ @ ￿E6c?36￿ ￿ ￿E6c?￿1 Lq wkh iroorzlqj zh dovr gh￿qh wkh kroglqj





Wkh vhfrqg htxdwlrq uhodwhv wr wkh h{shfwhg dyhudjh fkdqjh lq wkh vkruw0whup
udwh ryhu q shulrgv dqg wkh whup vsuhdg1 Lw lv rewdlqhg gluhfwo| e| vxewudfwlqj wkh
fxuuhqw vkruw0whup udwh l
E6￿
























| 1+ 6 ,
Dffruglqj wr htxdwlrqv +5, dqg +6,/ dq lqfuhdvh lq wkh whup vsuhdg pxvw eh iro0
orzhg e| d ulvh lq erwk wkh orqj udwh dqg wkh vkruw udwh1 Wkh lqlwldo vsuhdg ydqlvkhv/
krzhyhu/ ehfdxvh wkh vkruw udwh pxvw ulvh pruh vkduso| wkdq wkh orqj udwh +li qA5p,1
76 uhihuv wr wkh vkruwhu pdwxulw| ru lqyhvwphqw krul}rq/ ? wr wkh orqjhu pdwxulw| ru lqyhvwphqw
krul}rq +6￿? ,1
8D uhodwhg dssurdfk/ ghyhorshg e| Idpd +4<;7,/ Idpd dqg Eolvv +4<;:, dqg Kdugrxyholv +4<;;,/
ghdov zlwk wkh uhodwlrq ehwzhhq wkh h{shfwhg fkdqjh lq wkh vsrw udwh dqg wkh iruzdug0vsrw vsuhdg1
Krzhyhu/ dv zh duh pruh sduwlfxoduo| lqwhuhvwhg lq wkh whup vsuhdg/ zh gr qrw frqvlghu wklv dssurdfk
khuh1
7Whvwv ri wkh HK edvhg rq hvwlpdwlrq ri htxdwlrqv +5, dqg +6, uhtxluh d ixuwkhu
dvvxpswlrq uhjduglqj h{shfwdwlrqv1 Xqghu wkh k|srwkhvlv ri udwlrqdo h{shfwdwlrqv/







| wkh whup vsuhdg ehwzhhq wkh q0shulrg udwh






































Wkh OKV ri htxdwlrq +8, lv vrphwlphv fdoohg wkh urooryhu vsuhdg1 Xqghu wkh HK/ wkh






















Lq hpslulfdo zrun/ wkh HK lpsolhv wkdw ￿
E6c?￿














| / ;w1 Exw dvvhvvlqj wkh suhglfwlyh srzhu ri wkh whup vwuxfwxuh ohdgv
xv wr irfxv rq wkh vljql￿fdqfh ri wkh sdudphwhu ￿
E6c?￿
￿ 1 Lqghhg/ wkh vsuhdg zloo eh
vdlg wr frqwdlq lqirupdwlrq derxw lqwhuhvw udwhv li wkh k|srwkhvlv ￿
E6c?￿
￿ @3fdq eh
uhmhfwhg1 Lw lv zruwk qrwlqj wkdw/ xqghu wkh HK/ wkh whup vsuhdg frqwdlqv lqirupdwlrq
derxw vrph vshfldo frpelqdwlrqv ri ixwxuh lqwhuhvw udwhv/ qdpho| wkh fkdqjh lq wkh




Wkh gdwd uhodwlqj wr Iuhqfk jryhuqphqw vhfxulwlhv frph iurp wkh ￿Frwh R!flhooh￿
iru wkh odvw zrunlqj gd| ri wkh prqwk ryhu wkh shulrg 4<;30<:1 Wkh txrwhg sulfhv
ri Jhupdq jryhuqphqw erqgv zhuh surylghg e| wkh Exqghvedqn1 Zh h{wudfw wkh
40|hdu wr 430|hdu }hur0frxsrq udwhv e| lqwhusrodwlqj d }hur0frxsrq |lhog fxuyh iru
hdfk prqwk xvlqj wkh Qhovrq dqg Vlhjho +4<;:, phwkrgrorj|1 Vhh wkh Dsshqgl{ iru
ghwdlov frqfhuqlqj wklv phwkrgrorj|1
Jhupdq orqj0whup udwh gdwd xvxdoo| fryhu d orqjhu shulrg ri wlph +iurp 4<:5,/
exw zh frqfhqwudwh rq wkh 4<;30<: shulrg lq rughu wr uhpdlq frqvlvwhqw zlwk Iuhqfk
gdwd/ iru zklfk zh zhuh xqdeoh wr rewdlq hduolhu uhohydqw gdwd +sduwlfxoduo| ehfdxvh
ri d odfn ri jryhuqphqw lvvxhv gxulqj wkh :3v,1 Qrwh wkdw ehiruh 4<;3/ wkh qxpehu ri
lvvxhv zlwk orz uhvlgxdo pdwxulw| +w|slfdoo| ehorz 5 |hduv, lv yhu| vpdoo1 Iuhqfk dqg
Jhupdq lqwhuhvw udwhv iru gl￿huhqw pdwxulwlhv duh vkrzq lq judskv 4 dqg 5 uhvshfwlyho|1
Judskv 6 dqg 7 glvsod| wkh whup vsuhdgv/ wkh fkdqjhv lq orqj0whup udwh dqg wkh
dyhudjh fkdqjhv lq vkruw0whup udwhv iru +4>5,/ +5>7, dqg +6>9, pdwxulwlhv1 Wkh uhdvrq
zk| zh fkrrvh wkhvh pdwxulw| sdluv lv wkdw iru q @5 p wkh UKV yduldeohv lq +7, dqg
+8, duh wkh vdph1
Wdeoh 4 uhsruwv xqfrqglwlrqdo vdpsoh phdqv dqg vwdqgdug ghyldwlrqv iru wkh whup
vsuhdg/ wkh p0|hdu fkdqjh lq orqj0whup udwhv dqg wkh dyhudjh fkdqjh lq vkruw0whup
udwhv dqg kroglqj dqg urooryhu h{fhvv uhwxuqv ryhu wkh shulrg 4<;40<:1 Doo gdwd duh
phdvxuhg lq dqqxdol}hg shufhqwdjh srlqwv1
8Ryhu wkh shulrg xqghu uhylhz/ zh rewdlq txlwh vlplodu sdwwhuqv zlwk Iuhqfk dqg
Jhupdq |lhog fxuyhv= wkh whup vwuxfwxuh ulvhv udslgo| zlwk pdwxulw|/ iurp 3=4 zkhq







duh doo qhjdwlyh> wklv lqglfdwhv wkdw wkh kljkhu |lhogv r￿huhg e| orqj
erqgv duh dffrpsdqlhg e| fdslwdo jdlqv1 Qrwh krzhyhu wkdw fkdqjhv lq wkh orqj0
whup udwh duh joredoo| vwdeoh iru wkh Iuhqfk udwh zkdwhyhu wkh pdwxulw|/ zkhuhdv
wkh| lqfuhdvh iru wkh Jhupdq pdunhw/ lpso|lqj vpdoohu fdslwdo jdlqv lq Jhupdq|
ryhu wkh shulrg1 Kroglqj h{fhvv uhwxuqv duh qhjdwlyh dv zhoo/ dw derxw 3=: lq Iudqfh
dqg 3=8 lq Jhupdq|1 Dv idu dv dyhudjh fkdqjhv lq vkruw0whup udwh duh frqfhuqhg/
wkh| duh qhjdwlyh dqg ghfuhdvh zlwk pdwxulw| lq erwk frxqwulhv1 Wkh ghfuhdvh lv
pxfk vwurqjhu lq Iudqfh +iurp ￿3=6 wr ￿4=9, wkdq lq Jhupdq| +iurp ￿3=5 wr ￿3=9,1
Vlploduo| urooryhu h{fhvv uhwxuqv duh srvlwlyh dqg lqfuhdvh zlwk pdwxulw|1
Wklv sdwwhuq fdq eh xqghuvwrrg lq wkh oljkw ri htxdwlrqv +5, dqg +6,1 Wkh p0|hdu









@+q ￿4, dqg wkh kroglqj h{fhvv uhwxuq *
E￿c?￿
| 1 Wkh ￿uvw
whup lv doprvw frqvwdqw zkdwhyhu wkh pdwxulw|/ dw derxw 3141 Wklv lpsolhv wkdw wkh
gluhfw h￿hfw ri wkh whup vwuxfwxuh rq wkh orqj0whup udwh lv udwkhu olplwhg1 Lq idfw/ wkh
orqj0whup udwh w|slfdoo| fkdqjhv zlwk wkh pdwxulw| dv grhv wkh kroglqj h{fhvv uhwxuq 1
Wkh qhjdwlyhqhvv ri wkh kroglqj h{fhvv uhwxuq lv udwkhu vxusulvlqj/ vlqfh wkh lqwxlwlrq
ehklqg wkh HK lv wkdw wkh ulvn| dvvhw vkrxog |lhog d kljkhu uhwxuq wkdq wkh ulvn0iuhh
dvvhw1 Krzhyhu/ lw lv zruwk qrwlqj wkdw wkh h{fhvv uhwxuq frpelqhv wkh whup suhplxp
dqg wkh h{shfwdwlrq huuru1 Lw pd| zhoo eh wkdw d odujh sduw ri wkh ghfuhdvh lq lqwhuhvw
udwhv gxulqj wkh ￿uvw kdoi ri wkh 4<;3v zdv qrw h{shfwhg e| pdunhw sduwlflsdqwv1
Wkh dyhudjh fkdqjh lq wkh vkruw0whup udwh fdq eh h{sodlqhg e| wzr rssrvlwh
h￿hfwv= d ulvlqj whup vsuhdg/ zklfk lv dssur{lpdwho| wkh vdph lq erwk frxqwulhv>
dqg d ulvlqj urooryhu h{fhvv uhwxuq +zklfk kdv d qhjdwlyh h￿hfw rq wkh fkdqjh lq wkh
vkruw0whup udwh,1 Wkh ghfuhdvh lq wkh vkruw0whup udwh lv pxfk odujhu iru Iudqfh +iurp
￿3=6 iru q @5wr ￿4=9 iru q @: , wkdq iru Jhupdq| +iurp ￿3=5 iru q @5wr ￿3=9 iru
q @: ,1 Dv suhylrxvo|/ wkh gl￿huhqfh ehwzhhq erwk frxqwulhv lv gxh wr wkh gl￿huhqfh
ehwzhhq urooryhu h{fhvv uhwxuqv19
51515 Hfrqrphwulf uhvxowv
Wkh hvwlpdwhv ri htxdwlrqv +7, dqg +8, duh vkrzq lq wdeoh 5/ iru p ydu|lqj iurp 4
wr 6 |hduv dqg iru q ydu|lqj iurp p .4wr : |hduv1 Dv zh xvh ryhuodsslqj gdwd/









duh vhuldoo| xqfruuhodwhg1 Pruh suhflvho|/ wkh
huuru whup x
E6c?￿
￿c|n6 lq +7, glvsod|v d +45p ￿ 4, prylqj0dyhudjh frpsrqhqw/ zkhuhdv
wkh huuru whup x
E6c?￿
2c|n?36 lq +8, glvsod|v d +45q￿45p￿4, prylqj0dyhudjh frpsrqhqw
+Plvknlq/ 4<;;,1 Iroorzlqj wkh dssurdfk lqlwldwhg e| Kdqvhq dqg Krgulfn +4<;3,/
zh frpsxwh vwdqgdug huuruv wkdw duh khwhurvfhgdvwlflw|0frqvlvwhqw dqg urexvw wr PD
huuruv ri rughu +p ￿4, dqg +q￿ p ￿4, uhvshfwlyho|1 Wkhvh dv|pswrwlf vwdqgdug
huuruv duh frpsxwhg dv iroorzv= wkh| duh dgmxvwhg e| wkh Kdqvhq dqg Krgulfn +4<;3,
fruuhfwlrq/ doorzlqj wkh suhvhqfh ri d prylqj dyhudjh lq wkh huuru surfhvv/ dqg e|
wkh Zklwh +4<;3, fruuhfwlrq/ wdnlqj dffrxqw ri srvvleoh khwhurvfhgdvwlflw|> odvwo|/ wkh
9Zh rewdlq d qhjdwlyh kroglqj h{fhvv uhwxuq dqg d srvlwlyh dqg ulvlqj urooryhu h{fhvv uhwxuq1 Wklv lv







9fryduldqfh pdwul{ ri uhvlgxdov lv dgmxvwhg dv vxjjhvwhg e| Qhzh| dqg Zhvw +4<;:, lq
rughu wr hqvxuh wkdw lw lv vhpl0srvlwlyh1 Vxfk vwdqgdug huuruv duh dv|pswrwlfdoo| ydolg/
exw wkh| fdq eh eldvhg lq vpdoo vdpsohv +Ulfkdugvrq dqg Vwrfn/ 4<;</ dqg Krgulfn/
4<<5,1 Wkh eldv sureohp fdq eh vhulrxv hvshfldoo| zkhq wkh ghjuhh ri ryhuodsslqj lv
odujh1 Wr ghdo zlwk wklv sureohp/ zh dgrsw d errwvwudsslqj vwudwhj|/ lq dgglwlrq wr
wkh dv|pswrwlf vwdqgdug huuruv1 Wklv vwudwhj| zdv sursrvhg e| Plvknlq +4<<3e, wr
rewdlq hpslulfdo fulwlfdo ydoxhv wdnlqj dffrxqw ri wkh vwdwlvwlfdo surshuwlhv ri uhvlgxdov1
Lqwhuhvw udwh vsuhdgv/ fkdqjhv lq lqwhuhvw udwh dqg wkh prqwko| lq dwlrq udwh duh
vhsdudwho| prghoohg xvlqj dxwruhjuhvvlyh surfhvvhv1 Wkh rughu ri wkh DU lv ghwhuplqhg
xvlqj wkh ELF fulwhulrq1 4333 duwl￿fldo vdpsohv duh wkhq vlpxodwhg xvlqj wkhvh DU
prghov +wkh glphqvlrq ri wkh vhulhv fruuhvsrqgv wr wkh qxpehu ri revhuydwlrqv lq wkh
vhulhv, e| phdqv ri errwvwudsslqj1 Wkhvh vlpxodwlrqv duh shuiruphg xvlqj huuru whupv
jhqhudwhg e| wkh hpslulfdo odz ri prwlrq ri uhvlgxdov ri wkh suhylrxv DU prghov1 Wkh
huuru whupv duh uhvkx"hg/ hqvxulqj wkdw dq| fruuhodwlrq ehwzhhq huuru whupv ri wkh
gl￿huhqw vhulhv lv holplqdwhg1 Wkh sdwkv ri vsuhdgv/ fkdqjhv lq lqwhuhvw udwhv dqg
lq dwlrq duh wkhq lqghshqghqw e| frqvwuxfwlrq1 Uhjuhvvlrqv +7,/ +8,/ +43, dqg +44,
fruuhvsrqglqj wr wdeohv 5 dqg 8 duh fduulhg rxw iru hdfk duwl￿fldo vdpsoh1 Ilqdoo|/
wkh hpslulfdo s0ydoxhv duh gh￿qhg dv wkh sursruwlrq ri duwl￿fldo vdpsohv lq zklfk
wkh hvwlpdwhg ￿
E6c?￿
￿ lv odujhu wkdq wkh ￿
E6c?￿
￿ rewdlqhg iurp wkh ruljlqdo gdwd +vhh
Plvknlq/ 4<<3e/ iru ixuwkhu ghwdlov rq hvwlpdwlqj fulwlfdo ydoxhv,1
Wkh s0ydoxhv dvvrfldwhg zlwk wkh whvw ￿
E6c?￿
￿ @3duh wkhq frpsxwhg lq wzr zd|v=
wkh ￿uvw rqh lv vlpso| edvhg rq wkh w0vwdw hydoxdwhg zlwk wkh dv|pswrwlf vwdqgdug
huuruv> wkh vhfrqg rqh lv edvhg rq wkh errwvwudsslqj vwudwhj|1
Wkh hvwlpdwhv duh fohduo| gl￿huhqw iru erwk frxqwulhv1 Iru Iuhqfk udwhv/ zh rewdlq
d sx}}oh vlplodu wr wkh rqh kljkoljkwhg e| Fdpsehoo dqg Vkloohu +4<<4,= wkh hvwlpdwhv
ri ￿
E6c?￿
￿ lq +7, duh v|vwhpdwlfdoo| qhjdwlyh +dqg hyhq vljql￿fdqwo| gl￿huhqw iurp 3
iru vrph sdluv ri pdwxulwlhv/ zkhq q @5ru 6,1 Frqyhuvho|/ wkh hvwlpdwhv ri ￿
E6c?￿
2 lq
+8, duh jhqhudoo| srvlwlyh iru vsuhdgv ylv0ª0ylv wkh 40|hdu udwh/ exw ohvv wkdq 41 Iru
vrph pdwxulw| sdluv/ zh rewdlq dq lqirupdwlrq frqwhqw dv uhjdugv lqwhuhvw udwhv zlwk
hvwlpdwhv vljql￿fdqwo| juhdwhu wkdq 31 Wkdw lv wkh fdvh iru p @4dqg q @8dqg 9/
iru vljql￿fdqfh ohyhov ri <=7(d q g9=4( uhvshfwlyho|1 Zkhq errwvwudsslqj hpslulfdo
ydoxhv duh xvhg/ hvwlpdwhv ri ￿
E6c?￿
￿ duh qhyhu vljql￿fdqw1 Hyhq lq wkhvh fdvhv/ wkh
fruuhfwhg U2v duh ohvv wkdq 3=3;1
Iru Jhupdq udwhv rq wkh frqwudu|/ wkh suhglfwlyh srzhu ri wkh whup vwuxfwxuh
lv pxfk juhdwhu= wkh hvwlpdwhv ri ￿
E6c?￿
￿ lq +7, duh dozd|v srvlwlyh dqg vljql￿fdqwo|
juhdwhu wkdq 3 iru p @5dqg 6> krzhyhu/ wkh| duh qhyhu vljql￿fdqw iru errwvwudsslqj
hpslulfdo ydoxhv1 Pruhryhu/ wkh hvwlpdwhv ri ￿
E6c?￿
2 lq +8, duh dozd|v srvlwlyh +dqg
riwhq juhdwhu wkdq 4, dqg jhqhudoo| vljql￿fdqwo| juhdwhu wkdq 3/ hyhq zlwk errwvwuds0
slqj s0ydoxhv1 Wkh fruuhfwhg U2v duh udwkhu odujh/ udqjlqj iurp 3=4 iru wkh +4>5,
frpelqdwlrq wr 3=: iru wkh +4>:, frpelqdwlrq1
Dv idu dv iruhfdvwlqj lqwhuhvw udwhv lv frqfhuqhg/ wkh pdlq frqfoxvlrqv duh dv
iroorzv= Iuhqfk whup vsuhdgv kdyh d udwkhu zhdn lqirupdwlrq frqwhqw dqg rqo| iru
vkruw0whup udwhv1 Jhupdq vsuhdgv frqwdlq vljql￿fdqw lqirupdwlrq iru wkh p0shulrg
fkdqjh lq wkh orqj0whup udwh dv zhoo dv wkh fkdqjh lq wkh vkruw0whup udwh1 Iru erwk
frxqwulhv/ wkh lqirupdwlrq frqwhqw lv vwurqjhu iru iruhfdvwlqj wkh dyhudjh fkdqjh lq
vkruw0whup udwhv wkdq wkh fkdqjh lq orqj0whup udwhv/ dqg iru vsuhdgv ylv0ª0ylv d orqjhu
udwh +p @5ru 6 |hduv, wkdq ylv0ª0ylv d vkruwhu udwh +p @4|hdu,1
:51516 Lqwhusuhwdwlrq
Dv lq suhylrxv vwxglhv +Idpd/ 4<;7/ Pdqnlz dqg Plurq/ 4<;9/ Kdugrxyholv/ 4<;; dqg
4<<7,/ zh lqwhusuhw wkhvh hfrqrphwulf uhvxowv e| dvvxplqj wkdw wkh whup suhplxp pd|
eh wlph0ydu|lqj1 Lq wklv fdvh/ wkh suredelolw| olplwv ri wkh hvwlpdwhg vorsh frh!flhqwv
￿
E6c?￿






























































































zkhuh ￿2+{, ghqrwhv wkh yduldqfh ri { dqg fruu+{>|, wkh fruuhodwlrq ehwzhhq { dqg |1
Xqghu wkh HK/ wkh yduldqfhv ri wkh whup suhpld duh qxoo/ dqg zh reylrxvo| rewdlq wkdw
wkh suredelolw| olplwv ri ￿
E6c?￿
￿ duh xqlw|1 Frqyhuvho|/ wkh suhvhqfh ri wlph0ydu|lqj
whup suhpld lpsolhv solp ￿
E6c?￿
￿ 9@4 1 Wkh vljq dqg wkh vl}h ri wkh eldv ghshqg
rq wzr frpsrqhqwv= wkh fruuhodwlrq ehwzhhq wkh h{shfwhg fkdqjh lq lqwhuhvw udwhv






dqg wkh udwlr ri wkh yduldelolw| ri wkh ulvn suhplxp






1 Iljxuh 4 vkrzv wkh




￿ iru gl￿huhqw ydoxhv ri ￿
E6c?￿
￿ 1
Zh qrwh wkdw iru d odujh qhjdwlyh ￿
E6c?￿
￿ / wkh suredelolw| olplw ri ￿
E6c?￿
￿ lv yhu|
vhqvlwlyh wr wkh ydoxh ri t
E6c?￿
￿ 1 Lqghhg/ zkhq t
E6c?￿
￿ lv forvh wr exw ohvv wkdq 4/ zh
rewdlq d sdudphwhu ￿
E6c?￿
￿ juhdwhu wkdq 4> frqyhuvho|/ iru d udwlr t
E6c?￿
￿ forvh wr exw
odujhu wkdq 4/ zh rewdlq d qhjdwlyh ￿
E6c?￿
￿ 1
Wkh h{shfwhg whupv lq uhodwlrq +9, duh hvwlpdwhg xvlqj wkhlu revhuyhg frxqwhusduwv
















































￿ dqg solp ￿
E6c?￿
￿ duh wkhq rewdlqhg iurp
uhodwlrq +9,1 Zh gh￿qh wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwhg h{shfwhg fkdqjh lq
wkh lqwhuhvw udwh/ ￿{o/ dqg wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwhg ulvn suhplxp/
￿eo1 Wkhvh vwdqgdug ghyldwlrqv dqg wkh fruuhfwhg U2v ri uhodwlrq +:, duh uhsruwhg lq
Wdeoh 61
;Wkh ghfrpsrvlwlrq ri ￿
E6c?￿
￿ lv khosixo lq lqwhusuhwlqj rxu uhvxowv1 Wzr srlqwv
duh lqwhuhvwlqj wr frqvlghu= wkh gl￿huhqfhv ehwzhhq wkh fkdqjh lq wkh orqj0whup udwh
htxdwlrq dqg wkh fkdqjh lq wkh vkruw0whup udwh htxdwlrq> dqg wkh gl￿huhqfhv ehwzhhq
Iuhqfk dqg Jhupdq uhvxowv1





2 1 Zkhq zh frpsxwh wkh fruuhvsrqglqj ghfrpsrvlwlrq jlyhq e| htxd0
wlrq +9,/ zh ￿qg wkh iroorzlqj sdwwhuqv= iru wkh fkdqjh lq orqj0whup udwh htxdwlrq/
wkh fruuhodwlrq ehwzhhq wkh kroglqj whup suhplxp dqg wkh h{shfwhg fkdqjh lq wkh
orqj0whup udwh lv forvh wr ￿41 Iljxuh 4 vkrzv wkdw/ iru odujh ￿
E6c?￿
￿ / dq hvwlpdwhg
t
E6c?￿
￿ juhdwhu wkdq 4 fdq ohdg wr d qhjdwlyh ￿
E6c?￿
￿ 1 Qrz/ iru hdfk pdwxulw| sdlu/ zh
rewdlq d udwlr t
E6c?￿
￿ ehwzhhq 4=4 dqg 4=9/ jlylqj d qhjdwlyh hvwlpdwh ￿ ￿
E6c?￿
￿ 1 Frqfhuq0
lqj wkh fkdqjh lq vkruw0whup udwh htxdwlrq/ wkh fruuhodwlrqv duh pxfk vpdoohu1 Iru
lqvwdqfh/ wkh| duh ehwzhhq ￿3=6 dqg 3=: iru p @4 1 Wkhuhiruh/ dv t
E6c?￿
2 lv jhqhudoo|
idluo| forvh wr 4/ zh ￿qg dq hvwlpdwh ri ￿ ￿
E6c?￿
2 ri ehwzhhq ￿3=: dqg 3=51
Zlwk Jhupdq gdwd/ wkh sdwwhuq iru ￿
E6c?￿
￿ lv udwkhu gl￿huhqw wkdq zlwk Iuhqfk
gdwd1 Dv suhylrxvo|/ zh ￿qg d fruuhodwlrq ￿
E6c?￿
￿ forvh wr ￿41 Exw qrz wkh udwlr
t
E6c?￿
￿ lv ohvv wkdq 41 Wklv pdnhv lw srvvleoh wr rewdlq dq hvwlpdwh ri ￿ ￿
E6c?￿
￿ juhdwhu
wkdq 41 Vxfk d gl￿huhqfh zlwk Iuhqfk lqwhuhvw udwhv fdq eh h{sodlqhg e| wkh vwdqgdug
ghyldwlrq ri htxdwlrq +:,1 Lqghhg/ wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwhg h{shfwhg








/ ghqrwhg ￿{o/ lv juhdwhu wkdq wkh vwdq0
gdug ghyldwlrq ri wkh hvwlpdwhg kroglqj whup suhplxp H|*
E6c?￿
| / ghqrwhg ￿eo1W k l v
lv mxvw wkh frqwudu| zlwk Iuhqfk gdwd1 Lq rwkhu zrugv/ wkh vpdoo t
E6c?￿
￿ udwlr rewdlqhg
lq Jhupdq| vwhpv iurp wkh orz yduldelolw| ri wkh hvwlpdwhg kroglqj whup suhplxp dv
frpsduhg wr wkh hvwlpdwhg h{shfwhg fkdqjh lq wkh orqj0whup udwh +vlqfh wkh fkdqjh
lq wkh udwh dqg wkh h{fhvv uhwxuq kdyh edvlfdoo| wkh vdph vwdqgdug ghyldwlrq, hvsh0
fldoo| iru p @5dqg 61 Frqyhuvho|/ wkh odujh t
E6c?￿
￿ lq Iudqfh vwhpv iurp wkh juhdwhu
yduldelolw| ri wkh hvwlpdwhg kroglqj whup suhplxp1
Frqfhuqlqj wkh Jhupdq vkruw0whup udwh fkdqjh htxdwlrq/ wkh fruuhodwlrqv duh
fohduo| qhjdwlyh dqg forvh wr ￿4 iru q @5dqg 61 Pruhryhu/ wkh udwlr t
E6c?￿
2 lv vpdoo
+durxqg 319,/ jlylqj dq hvwlpdwh ri ￿ ￿
E6c?￿
2 juhdwhu wkdq 41 Rqfh djdlq/ wklv ￿qglqj lv
odujho| h{sodlqhg e| wkh orz yduldelolw| ri wkh urooryhu whup suhplxp1
Wr vxp xs/ wkh juhdwhu lqirupdwlrq frqwhqw rewdlqhg iru wkh Jhupdq whup vwuxf0
wxuh frpsduhg wr wkh Iuhqfk whup vwuxfwxuh pdlqo| uhvxowv iurp wkh orz yduldelolw|
ri Jhupdq ulvn suhpld ru/ dowhuqdwlyho|/ iurp wkh ehwwhu iruhfdvwlqj shuirupdqfh ri
wkh Jhupdq lqwhuhvw udwh fkdqjh htxdwlrqv1 Wkh juhdw yduldelolw| ri wkh Iuhqfk whup
suhpld fdq eh pdlqo| h{sodlqhg e| wkh hyhqwv ri wkh 4<;30;8 shulrg1 Wkh ghfuhdvh lq
lqwhuhvw udwhv zdv lqlwldwhg e| wkh vkruw0whup udwh/ zklfk lpsolhv wkdw orqj0whup udwhv
glg qrw uhdfw dv suhglfwhg e| wkh HK1 Wkh uhmhfwlrq ri wkh HK fdq kdyh wzr vrxufhv=
pdunhw sduwlflsdqwv hvvhqwldoo| glg qrw dqwlflsdwh wklv pdmru fkdqjh lq qrplqdo udwhv>
ru wkh ulvn suhplxp whpsrudulo| lqfuhdvhg rq orqj0whup lqyhvwphqw/ shukdsv ehfdxvh
pdunhw sduwlflsdqwv h{shfwhg wklv ghfuhdvh lq vkruw0whup udwhv wr eh vkruw0olyhg1
<6 \lhog Fxuyh dqg Ixwxuh Lq dwlrq Udwhv
614 Phwkrgrorj|
Wkh lqirupdwlrq frqwhqw ri wkh |lhog fxuyh dv uhjdugv wkh ixwxuh sdwk ri lq dwlrq
zdv lqlwldoo| vwxglhg e| Plvknlq +4<<3d/ 4<<3e/ 4<<4,/ Mrulrq dqg Plvknlq +4<<4,
dqg Idpd +4<<3,1 Li wkh h{shfwhg uhdo udwh lv vwdeoh hqrxjk/ wkhq wkh qrplqdo udwh/
nqrzq dw gdwh w/ khosv wr suhglfw lq dwlrq/ zklfk zloo eh nqrzq rqo| dw gdwh w. p1
Wklv dssurdfk lv edvhg rq wkh Ilvkhu ghfrpsrvlwlrq/ zklfk vwdwhv wkdw wkh p0shulrg
qrplqdo lqwhuhvw udwh fdq eh glylghg lqwr wzr frpsrqhqwv= wkh p0shulrg h{0dqwh uhdo
lqwhuhvw udwh/ ghqrwhg H|u
E6￿
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Xqghu udwlrqdo h{shfwdwlrqv/ uhdol}hg lq dwlrq fdq eh vsolw ehwzhhq h{shfwhg lq0


















Wkh vsuhdg ehwzhhq lq dwlrq ryhu wkh qh{w q |hduv dqg lq dwlrq ryhu wkh qh{w p
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frqvwdqw ryhu wlph/ l1h1/ wkh vorsh ri h{0dqwh uhdo udwhv lv wlph0lqghshqghqw1 Vxfk d
k|srwkhvlv lv ohvv uhvwulfwlyh wkdq wkh xvxdo Ilvkhu uhodwlrq/ vlqfh lw doorzv wudqvodwlrqv
ri wkh h{0dqwh uhdo udwhv1 Xqghu wklv dvvxpswlrq/ wkh hvwlpdwhv ri e
E6c?￿
￿ kdyh d













rughu wr dvvhvv wkh suhglfwlyh srzhu ri wkh |lhog fxuyh= li wkh qxoo k|srwkhvlv e
E6c?￿
￿ @3
lv uhmhfwhg/ wkh whup vsuhdgfrqwdlqv vljql￿fdqw lqirupdwlrq frqfhuqlqj lq dwlrq> li wkh
qxoo k|srwkhvlv e
E6c?￿
￿ @4lv uhmhfwhg/ wkh whup vsuhdg frqwdlqv vljql￿fdqw lqirupdwlrq
derxw h{0srvw uhdo udwhv/ zklfk lpsolhv wkdw uhdo lqwhuhvw udwhv ydu| ryhu wlph1 Wklv















1 Wkh uhdo udwh htxdwlrq pd|
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Dv wkh vxp ri wkh wzr whupv rqwkh ohiw kdqgvlgh ri +43, dqg +44, jlyhv wkh qrplqdo









2 @4 1 Wkxv/ wkh whvw ri e
E6c?￿
2 @3lv htxlydohqw wr wkh whvw ri
e
E6c?￿
￿ @4 1 Lw lv qrqhwkhohvv lqvwuxfwlyh wr frpsduh wkh fruuhfwhg U2v dvvrfldwhg zlwk
wkh wzr uhjuhvvlrqv lq rughu wr phdvxuh wkh frpsrqhqw derxw zklfk wkh qrplqdo
vsuhdg lv olnho| wr surylgh prvw lqirupdwlrq1
43615 Hpslulfdo hylghqfh
61514 Hfrqrphwulf uhvxowv
Lq dwlrq udwhv duh fdofxodwhg iurp frqvxphu sulfh lqglfhv +vrxufh= Pdlq Hfrqrplf
Lqglfdwruv ri wkh RHFG,1 Lq dwlrq dw w iru wkh shulrg iurp w wr w.q/ lv ghqrwhg ￿
E?￿
| 1
Lq zkdw iroorzv/ lq dwlrq dw wlph w wkxv fruuhvsrqgv wr lq dwlrq iru wkh q frplqj
|hduv dqg qrw/ dv lv xvxdoo| wkh fdvh/ iru wkh q sdvw |hduv1 Wklv qrwdwlrq pdnhv lw
srvvleoh wr eh frqvlvwhqw zlwk wkh xvxdo gh￿qlwlrq ri lqwhuhvw udwhv1 Wkh h{0dqwh uhdo






| 1 J u d s k v8d q g9v k r zh { 0
srvw uhdo lqwhuhvw udwhv iru gl￿huhqw pdwxulwlhv iru Iudqfh dqg Jhupdq|/ uhvshfwlyho|1
Judskv : dqg ; jlyh wkh whup vsuhdg/ lq dwlrq fkdqjhv dqg h{0srvw uhdo lqwhuhvw udwhv
iru +4>5,/ +5>7, dqg +6>9, pdwxulwlhv1 Wdeoh 7 uhsruwv xqfrqglwlrqdo vdpsoh phdqv
dqg vwdqgdug ghyldwlrqv iru wkh whup vsuhdg/ wkh lq dwlrq fkdqjh dqg wkh h{0srvw uhdo
lqwhuhvw udwhv ryhu wkh shulrg 4<;40<:1 Doo gdwd duh phdvxuhg lq dqqxdol}hg shufhqwdjh
srlqwv1
Wdeoh 8 vkrzv wkh hvwlpdwhv ri wkh lq dwlrq htxdwlrq +43, dqg wkh uhdo udwh htxd0
wlrq +44, iru p ydu|lqj iurp 4 wr 6 |hduv dqg q ydu|lqj iurp p.4wr : |hduv1 Gdwd
ryhuodsslqj lpsolhv d +45q ￿ 4, prylqj0dyhudjh frpsrqhqw lq wkh huuru jhqhudwlqj
surfhvv1 Dv lq wkh suhylrxv vhfwlrq/ Iuhqfk dqg Jhupdq gdwd jlyh udwkhu frqwudvwlqj
uhvxowv1
Iru Iuhqfk gdwd/ wkh hvwlpdwhv ri e
E6c?￿
￿ lq wkh lq dwlrq htxdwlrq +43, duh v|vwhp0
dwlfdoo| qhjdwlyh dqg vljql￿fdqwo| gl￿huhqw iurp 3 iru pdq| pdwxulw| sdluv1 Wkhuhiruh/
wkh vsuhdgv hvvhqwldoo| frqwdlq qr lqirupdwlrq derxw lq dwlrq1 Frqyhuvho|/ wkh hvwl0
pdwhv ri e
E6c?￿
2 lq uhdo udwh htxdwlrq +44, duh dozd|v deryh 4 dqg duh ryhuzkhoplqjo|
vljql￿fdqw1 Zh fdq wkxv ghgxfh wkdw wkh vsuhdg lv qrw khosixo iru iruhfdvwlqj lq dwlrq/
exw lw kdv d suhglfwlyh srzhu iru uhdo lqwhuhvw udwhv1
Wkh uhvxowv zlwk Jhupdq udwhv whoo d gl￿huhqw vwru|= wkh hvwlpdwhv ri e
E6c?￿
￿ duh
jhqhudoo| vljql￿fdqwo| juhdwhu wkdq 3 +hyhq zlwk errwvwudsslqj s0ydoxhv,1 Zh qrwh
wkdw wkh hvwlpdwhv ri e
E6c?￿
￿ duh riwhq deryh 4/ lpso|lqj qhjdwlyh hvwlpdwhv ri e
E6c?￿
2 1
Wklv uhvxow fdq eh xqghuvwrrg dv dq ryhuuhdfwlrq e| lq dwlrq h{shfwdwlrqv wr fkdqjhv
lq prqhwdu| srolf| ru/ lqrwkhu zrugv/ dv d fohduo| fuhgleoh prqhwdu| srolf|1 Pruhryhu/
wkh fruuhfwhg U2v ri wkh lq dwlrq fkdqjh htxdwlrqv duh udwkhu odujh= wkh| duh juhdwhu
wkdq 3=6/ h{fhsw lq 7 fdvhv +zkhq p @4dqg q @5 / 6/ 7 dqg iru p @5dqg q @6 ,1
Wkhvh uhvxowv fdq eh xqghuvwrrg lq wkh oljkw ri hyhqwv lq erwk frxqwulhv +vhh
Judskv : dqg ;,= Rq wkh rqh kdqg/ lqwhuhvw udwhv dqg lq dwlrq ghfuhdvhg doprvw
vlpxowdqhrxvo| lq Jhupdq| gxulqj wkh ￿uvw sduw ri wkh 4<;3v1 Pruhryhu/ wkh zruv0
hqlqj lq dwlrq rxworrn dw wkh ehjlqqlqj ri wkh 4<<3v zdv dffrpsdqlhg e| vljql￿fdqw
prqhwdu| wljkwhqlqj1
Rq wkh rwkhu kdqg/ lq Iudqfh/ wkh olqn ehwzhhq lq dwlrq dqg lqwhuhvw udwhv zdv
glvwxuehg e| wzr pdmru hyhqwv1 Iluvw/ wkh ghfuhdvh lq lq dwlrq gxulqj wkh ￿uvw sduw
ri wkh 4<;3v glg qrw lpso| d sursruwlrqdo ghfuhdvh lq lqwhuhvw udwhv1 Vhfrqg/ Jhupdq
prqhwdu| wljkwhqlqj lqgxfhg kljk lqwhuhvw udwhv lq Iudqfh dw wkh ehjlqqlqj ri wkh
4<<3v/ zkhuhdv wkh Iuhqfk lq dwlrq rxworrn zdv udwkhu idyrxudeoh1 Wkhvh wzr hyhqwv
lpsolhg d odujh lqfuhdvh lq wkh 40|hdu uhdo lqwhuhvw udwh/ iurp 3 lq 4<;3 wr pruh wkdq
;( gxulqj wkh vxpphu ri 4<<51 Diwhuzdugv/ wkh qrplqdo lqwhuhvw udwh ghfuhdvhg pxfk
pruh udslgo| wkdq lq dwlrq/ ohdglqj wr d odujh ghfuhdvh lq wkh uhdo lqwhuhvw udwh1
4461515 Lqwhusuhwdwlrq
Dv lq wkh suhylrxv vhfwlrq/ wkh suredelolw| olplw ri wkh hvwlpdwhg vorsh frh!flhqw
e
E6c?￿
￿ lq +43, fdq eh hdvlo| h{suhvvhg dv d ixqfwlrq ri wkh prphqwv ri wkh lq dwlrq


















































lv wkh udwlr ri wkh vwdqgdug ghyldwlrq ri wkh h{0dqwh uhdo udwh vsuhdg wr wkh vwdqgdug
ghyldwlrq ri wkh h{shfwhg lq dwlrq fkdqjh1








duh rewdlqhg iurp ￿wwhg
ydoxhv ri wkh uhjuhvvlrq ri wkh h{0srvw uhdo udwh vsuhdg rq45 odjv ri wkh 40prqwk fkdqjh
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Wkh ydoxhv ri tE6c?￿/ ￿E6c?￿ dqg solp e
E6c?￿
￿ duh wkhq rewdlqhg xvlqj uhodwlrq +45,1
Wkh pdlq sx}}oh uhtxlulqj dq h{sodqdwlrq khuh olhv lq wkh gl￿huhqfhv ehwzhhq
Iuhqfk dqg Jhupdq uhvxowv= wkh hvwlpdwhv ri e
E6c?￿
￿ duh v|vwhpdwlfdoo| qhjdwlyh lq
Iudqfh/ zkhuhdv wkh| duh v|vwhpdwlfdoo| srvlwlyh +dqg riwhq juhdwhu wkdq 4, lq Jhu0
pdq|1 Wklv uhvxow lv txlwh vxusulvlqj vlqfh/ dv vhhq rq Judskv 8 dqg 9/ wkh jhqhudo
sdwwhuq ri lqwhuhvw udwhv dqg lq dwlrq lv wkh vdph ryhudoo lq erwk frxqwulhv1
Dv lq wkh suhylrxv vhfwlrq/ wkh ghfrpsrvlwlrq ri sdudphwhu e
E6c?￿
￿ lv khosixo1
Iluvw ri doo/ wkh fruuhodwlrq ehwzhhq wkh hvwlpdwhg h{shfwhg lq dwlrq fkdqjh dqg
wkh hvwlpdwhg h{0dqwh uhdo udwh vsuhdg lv fohduo| qhjdwlyh lq erwk frxqwulhv/ dw derxw
￿3=;@ ￿ 3=<1 Wkh pdlq gl￿huhqfh frphv iurp wkh udwlr ri wkh vwdqgdug ghyldwlrq
ri wkh hvwlpdwhg h{0dqwh uhdo udwh vsuhdg wr wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwhg
h{shfwhg lq dwlrq fkdqjh1 Lqghhg/ lw lv gh￿qlwho| juhdwhu wkdq 4 zlwk Iuhqfk gdwd/
zkhuhdv lw lv ohvv wkdq 4 lq doo fdvhv exw rqh lq Jhupdq|1
Lq rughu wr h{sodlq wklv uhvxow/ ohw xv qrz wxuq wr wkh dqdo|vlv ri htxdwlrqv +46,
dqg +47,1 Rq wkh rqh kdqg/ zh ￿qg wkdw wkh lq dwlrq udwh htxdwlrq jlyhv edvlfdoo| wkh
vdph vwdqgdug ghyldwlrq ri wkh hvwlpdwhg h{shfwhg lq dwlrq fkdqjh lq erwk frxqwulhv=
￿{Z lv voljkwo| odujhu lq Iudqfh iru wkh vpdoohvw pdwxulwlhv/ exw vpdoohu iru wkh odujhvw
pdwxulwlhv1 Rq wkh rwkhu kdqg/ zh rewdlq vwdqgdug ghyldwlrqv ri wkh hvwlpdwhg h{0
dqwh uhdo udwh vsuhdg wkdw duh idu odujhu iru Iudqfh wkdq iru Jhupdq|1 Vxevwdqwldo
 xfwxdwlrqv lq hvwlpdwhg h{0dqwh uhdo udwhv ryhu wlph wkhuhiruh h{sodlq wkh lqdelolw|
ri wkh Iuhqfk whup vwuxfwxuh wr surylgh lqirupdwlrq derxw wkh ixwxuh sdwk ri lq dwlrq1
457 Frqfoxvlrq
Wkh hpslulfdo hylghqfh lq wklv sdshu vxjjhvwv wkdw wkh Iuhqfk whup vwuxfwxuh sur0
ylghv qr lqirupdwlrq derxw wkh ixwxuh sdwk ri lq dwlrq dqg rqo| d vpdoo dprxqw ri
lqirupdwlrq derxw wkh ixwxuh sdwk ri lqwhuhvw udwhv1 Frqyhuvho|/ wkh whup vwuxfwxuh lq
Jhupdq| frqwdlqv d kljko| vljql￿fdqw dprxqw ri lqirupdwlrq derxw ixwxuh fkdqjhv
lq lqwhuhvw udwhv dqg ixwxuh fkdqjhv lq lq dwlrq1
Dv idu dv iruhfdvwlqj lqwhuhvw udwhv duh frqfhuqhg/ wkh juhdwhu lqirupdwlrq frqwhqw
ri wkh Jhupdq whup vwuxfwxuh dv frpsduhg wr wkh Iuhqfkwhup vwuxfwxuh pdlqo| uhvxowv
iurp wkh orz yduldelolw| ri Jhupdq ulvn suhpld1 Wkh juhdw yduldelolw| ri Iuhqfk whup
suhpld fdq eh h{sodlqhg e| wkh hyhqwv ri wkh 4<;30;8 shulrg= wkh ghfuhdvh lq lqwhuhvw
udwhv gxulqj wklv shulrg zdv lqlwldwhg e| wkh vkruw0whup udwh/ dqg orqj0whup udwhv glg
qrw uhdfw dv suhglfwhg e| wkh HK1 Lw orrnv dv wkrxjk pdunhw sduwlflsdqwv edvlfdoo|
glg qrw dqwlflsdwh wklv pdmru fkdqjh lq qrplqdo udwhv ru h{shfwhg wklv ghfuhdvh lq
vkruw0whup udwhv wr eh vkruw0olyhg1
Odujh  xfwxdwlrqv lq hvwlpdwhg h{0dqwh uhdo udwh vsuhdgv ryhu wlph h{sodlq wkh
lqdelolw| ri wkh Iuhqfk whup vwuxfwxuh wr surylgh lqirupdwlrq derxw wkh ixwxuh sdwk
ri lq dwlrq1 Wkh vxevwdqwldo ghfuhdvh lq uhdo udwh vsuhdgv dw wkh ehjlqqlqj ri wkh 4<;3v
glvwxuehg wkh olqn ehwzhhq qrplqdo udwhv dqg lq dwlrq1 E| frqwudvw/ uhdo udwh vsuhdgv
uhpdlqhg uhodwlyho| vwdeoh lq Jhupdq|/ hqvxulqj d odvwlqj olqn ehwzhhq qrplqdo udwhv
dqg lq dwlrq1
Lw lv zruwk qrwlqj wkdw vlqfh wkh vhfrqg kdoi ri wkh 4<;3v Iuhqfk dqg Jhupdq
lqwhuhvw udwhv dqg lq dwlrq kdyh pryhg pxfk pruh lq olqh1 Phdvxuhphqw ri wkh
lqirupdwlrq frqwhqw ri wkh whup vwuxfwxuh ryhu wkh 4<;80<: shulrg +qrw uhsruwhg khuh,
lqglfdwhv wkdw wkh whup vsuhdg lv deoh wr surylgh lqirupdwlrq derxw wkh ixwxuh sdwkv
ri lqwhuhvw udwhv dv zhoo dv lq dwlrq1 Lq rwkhu zrugv/ whup suhpld dqg h{0dqwh uhdo
lqwhuhvw udwh vsuhdgv dsshdu wr kdyh ehhq vx!flhqwo| vwdeoh ryhu wkh whq odvw |hduv iru
wkh whup vsuhdgv wr kdyh d suhglfwlyh srzhu frqfhuqlqj lqwhuhvw udwhv dqg lq dwlrq
+vhh judskv : dqg ;,1 Wkhvh uhvxowv duh zhdn krzhyhu/ vlqfh wkh| duh edvhg rq d yhu|
vkruw shulrg ri wlph1
Uhihuhqfhv
^4‘ Eurzqh/ I1/ dqg S1 Pdqdvvh +4<<3,= ￿Wkh Lqirupdwlrq Frqwhqw ri wkh Whup
Vwuxfwxuh ri Lqwhuhvw Udwhv= Wkhru| dqg Hylghqfh￿/ RHFG Hfrqrplf Vwxglhv/
47/ 8<0;91
^5‘ Fdpsehoo/ M1\1 +4<<8,= ￿Vrph Ohvvrqv iurp wkh \lhog Fxuyh￿/ M r x u q d or iH f r 0
qrplf Shuvshfwlyhv/ <+6,/ 45<04851
^6‘ Fdpsehoo/ M1\1/ dqg U1M1 Vkloohu +4<;:,= ￿Frlqwhjudwlrq dqg Whvwv ri Suhvhqw
Ydoxh Prghov￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8+8,/ 4395043;;1
^7‘ Fdpsehoo/ M1\1/ dqg U1M1 Vkloohu +4<;;,= ￿Lqwhusuhwlqj Frlqwhjudwhg Prghov￿/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 45+526,/ 83808551
^8‘ Fdpsehoo/ M1\/ dqg U1M1 Vkloohu +4<<4,= ￿\lhog Vsuhdgv dqg Lqwhuhvw Udwh Pryh0
phqwv= D Elugv* H|h Ylhz￿/ Uhylhz ri Hfrqrplf Vwxglhv/ 8;+6,/ 7<808471
^9‘ Ghxwvfkh Exqghvedqn +4<<8,= Wkh Pdunhw iru Jhupdq Ihghudo Vhfxulwlhv/ Iudqn0
ixuw dp Pdlq/ Mxo|1
46^:‘ Hvwuhood/ D1/ dqg I1F1 Plvknlq +4<<8,= ￿Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv
dqg lwv Uroh lqPrqhwdu| Srolf| iru wkh HxurshdqFhqwudoEdqn￿/ QEHU Zrunlqj
Sdshu q￿ 85:<1
^;‘ Idpd/ H1I1 +4<;7,= ￿Wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh￿/ Mrxuqdo ri Il0
qdqfldo Hfrqrplfv/ 46+7,/ 83<085;1
^<‘ Idpd/ H1I1 +4<<3,= ￿Whup0Vwuxfwxuh Iruhfdvwv ri Lqwhuhvw Udwhv/ Lq dwlrq/ dqg
Uhdo Uhwxuqv￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 58+4,/ 8<0:91
^43‘ Idpd/ H1I1/ dqg U1U1 Eolvv +4<;:,= ￿Wkh Lqirupdwlrq lq Orqj0Pdwxulw| Iruzdug
Udwhv￿/ Dphulfdq Hfrqrplf Uhylhz/ ::+7,/ 9;309<51
^44‘ Jhuodfk/ V1 +4<<8,= ￿Wkh Lqirupdwlrq Frqwhqw ri wkh Whup Vwuxfwxuh= Hylghqfh
iru Jhupdq|￿/ ELV Zrunlqj Sdshu q￿ 5<1
^45‘ Jhuodfk/ V1 +4<<9,= ￿Prqhwdu| Srolf| dqg wkh Ehkdylrxu ri Lqwhuhvw Udwhv= Duh
Orqj Udwhv H{fhvvlyho| YrodwlohB￿/ ELV Zrunlqj Sdshu q￿67=
^46‘ Jhuodfk/ V1/ dqg I1 Vphwv +4<<:,= ￿Wkh Whup Vwuxfwxuh ri Hxur0Udwhv= Vrph
Hylghqfh lq Vxssruw ri wkh H{shfwdwlrqv K|srwkhvlv￿/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh/ 49+5,/ 63806541
^47‘ Kdqvhq/ O1S1/ dqg U1M1 Krgulfn +4<;3,= ￿Iruzdug Udwhv dv Rswlpdo Suhglfwruv
ri Ixwxuh Vsrw Udwhv￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;+8,/ ;5<0;861
^48‘ Kdugrxyholv/ J1D1 +4<;;,= ￿Wkh Suhglfwlyh Srzhu ri wkh Whup Vwuxfwxuh gxulqj
Uhfhqw Prqhwdu| Uhjlphv￿/ Mrxuqdo ri Ilqdqfh/ 76+5,/ 66<06891
^49‘ Kdugrxyholv/ J1D1 +4<<7,= ￿Wkh Whup Vwuxfwxuh Vsuhdg dqg Ixwxuh Fkdqjhv lq
Orqj dqg Vkruw Udwhv lq wkh J: Frxqwulhv￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/
66+5,/ 58805;61
^4:‘ Krgulfn/ U1M1 +4<<5,= ￿Glylghqg \lhogv dqg H{shfwhg Vwrfn Uhwxuqv= Dowhuqd0
wlyh Surfhgxuhv iru Lqihuhqfh dqg Phdvxuhphqw￿/ Uhylhz ri Ilqdqfldo Vwxglhv/
8+6,/ 68:06;91
^4;‘ Mrqghdx/ H1/ dqg U1 Ulfduw +4<<9,= ￿Wkh H{shfwdwlrqv Wkhru|= Whvwv rq Iuhqfk/
Jhupdq/ dqg Dphulfdq Hxur0Udwhv￿/ Edqtxh gh Iudqfh/ QHU &68/ iruwkfrplqj
lq Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh1
^4<‘ Mrqghdx/ H1/ dqg U1 Ulfduw +4<<;,= ￿Od wk￿rulh ghv dqwlflsdwlrqv gh od vwuxfwxuh
sdu whuph = whvw ª sduwlu ghv wlwuhv sxeolfv iudqŒdlv￿/ Dqqdohv g*￿frqrplh hw gh
Vwdwlvwltxh/ 85/ 40551
^53‘ Mrulrq/ S1/ dqg Plvknlq I1V1 +4<<4,= ￿D Pxowlfrxqwu| Frpsdulvrq ri Whup0
Vwuxfwxuh Iruhfdvwv dw Orqj Krul}rqv￿/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5<+4,/
8<0;31
^54‘ Nxjohu/ S1 +4<<3,= ￿Wkh Whup Vwuxfwxuh ri Hxur Lqwhuhvw Udwhv dqg Udwlrqdo
H{shfwdwlrqv￿/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ <+5,/ 56705771
^55‘ Plvknlq/ I1V1 +4<;;,= ￿Wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh= Vrph Ixuwkhu
Uhvxowv￿/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 6/ 63:06471
47^56‘ Plvknlq/ I1V1 +4<<3d,= ￿Zkdw Grhv wkh Whup Vwuxfwxuh Whoo Xv derxw Ixwxuh
Lq dwlrqB￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 58+4,/ ::0<81
^57‘ Plvknlq/ I1V1 +4<<3e,= ￿Wkh Lqirupdwlrq lq wkh Orqjhu0Pdwxulw| Whup Vwuxfwxuh
derxw Ixwxuh Lq dwlrq￿/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 88+6,/ ;480;5;1
^58‘ Plvknlq/ I1V1 +4<<4,= ￿D Pxowl0Frxqwu| Vwxg| ri wkh Lqirupdwlrq lq wkh Vkruwhu
Pdwxulw| Whup Vwuxfwxuh derxw Ixwxuh Lq dwlrq￿/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh/ 43+4,/ 50551
^59‘ Qhovrq/ F1U1/ dqg D1I1 Vlhjho +4<;:,= ￿Sduvlprqlrxv Prgholqj ri \lhog Fxuyhv￿/
Mrxuqdo ri Exvlqhvv/ 93+7,/ 7:607;<1
^5:‘ Qhzh|/ Z1N1/ dqgN1G1 Zhvw +4<;:,= ￿D Vlpsoh/ Srvlwlyh/ Gh￿qlwh Khwhurvfhgdv0
wlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{￿/ Hfrqrphwulfd/ 88+6,/
ss1 :360:3;1
^5;‘ Ulfkdugvrq/ P1/ hw M1K1 Vwrfn +4<;<,= ￿Gudzlqj Lqihuhqfh iurp Vwdwlvwlfv Edvhg
rq Pxowl|hdu Dvvhw Uhwxuqv￿/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58+5,/ 656067;1
^5<‘ Vfklfk/ V1W1 +4<<9,/ ￿Dowhuqdwlyh Vshfl￿fdwlrqv ri wkh Jhupdq Whup Vwuxfwxuh
dqg lwv Lqirupdwlrq Frqwhqw Uhjduglqj Lq dwlrq￿/ Glvfxvvlrq Sdshu ;2<9/ Hfr0
qrplf Uhvhdufk Jurxs ri wkh Ghxwvfkh Exqghvedqn1
^63‘ Vkhd/ J1V1 +4<<5,= ￿Ehqfkpdunlqj wkh H{shfwdwlrqv K|srwkhvlv ri wkh Lqwhuhvw0
Udwh Whup Vwuxfwxuh= Dq Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv￿/ Mrxuqdo ri Exvl0
qhvv dqg Hfrqrplf Vwdwlvwlfv/ 43+6,/ 67:06991
^64‘ Vkloohu/ U1M1 +4<<3,= ￿Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv￿/ lq Kdqgerrn ri
Prqhwdu| Hfrqrplfv/ Yroxph 4/ Iulhgpdq E1P1 dqg I1K1 Pdkq +hg1,/ Hovhylhu1
^65‘ Zklwh/ K1 +4<;3,= ￿D Khwhurvfhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpd0
wru dqg d Gluhfw Whvw iru Khwhurvfhgdvwlflw|￿/ Hfrqrphwulfd/ 7;+7,/ ;4:0;6;1
48Wdeoh 4= Phdqv dqg vwdqgdug ghyldwlrqv ri whup vwuxfwxuh yduldeohv iru 4<;404<<:
yduldeoh Orqj0whup udwh pdwxulw| +q/l q| h d u v ,
56789:
Sdqho D= Iudqfh
whup vsuhdg 313:4 314;; 3163: 3169< 31853 31:63
V
E￿c?￿
| +31773, +31995, +31;33, +31;;5, +31<43, +31;6;,





| +417;6, +4176:, +4174:, +41733, +416;7, +416:4,
kroglqj h{fhvv uhwxuq 031;;8 031<:; 031<98 031<63 031;<6 031;8:
*
E￿c?￿
| +41887, +417<9, +4179<, +41779, +4175:, +41745,












+31::3, +41396, +41658, +4196<, +41;76, +41<35,
urooryhu h{fhvv uhwxuq 31775 31<78 4166: 41:49 51473 5174;
￿
E￿c?￿
| +31:::, +41454, +416;<, +41969, +41;43, +41<94,
Sdqho E= Jhupdq|
whup vsuhdg 314:4 3164: 316<< 31787 318:9 31:95
V
E￿c?￿
| +31697, +31948, +31:<8, +31<73, +413:6, +4144;,





| +4178:, +41687, +4157<, +4148;, +413;6, +41358,
kroglqj h{fhvv uhwxuq 031;73 031;47 031:75 031997 0318<9 03186:
*
E￿c?￿
| +41778, +41685, +41583, +4148<, +413;8, +41359,












+31::;, +415;<, +41:36, +513:6, +5168:, +5177<,
urooryhu h{fhvv uhwxuq 31753 31:<7 4133: 4147: 415<; 41655
￿
E￿c?￿
| +31:55, +41469, +416;;, +4186<, +4196;, +4195<,
Qrwh= wkh vkruw0whup udwh pdwxulw| lv p @4|hdu1 Wkh wkhruhwlfdo uhodwlrq0
vkls ehwzhhq kroglqj dqg urooryhu whup suhpld suhvhqwhg lq vhfwlrq 514 pd| qrw eh
pdwfkhg lq hpslulfdo frxqwhusduwv/ pdlqo| ehfdxvh wkh vdpsohv xvhg wr frpsxwh vdp0
soh phdqv ri wkhvh suhpld duh qrw qhfhvvdulo| wkh vdph rqhv1 Vwdqgdug ghyldwlrqv duh
lq sduhqwkhvhv1
49Wdeoh 5= Lqirupdwlrq frqwhqw derxw ixwxuh lqwhuhvw udwhv iru 4<;404<<:









































Orqj udwh htxdwlrq +l,
￿
E6c?￿







Vkruw udwh htxdwlrq +ll,
￿
E6c?￿
















































































Orqj udwh htxdwlrq +l,
￿
E6c?￿







Vkruw udwh htxdwlrq +ll,
￿
E6c?￿













































































Qrwh= Wkh hvwlpdwh ri wkh frqvwdqw lv qrw vkrzq lq wkh wdeoh1 Wkh dv|pswrwlf
vwdqgdug ghyldwlrqv/ lq eudfnhwv/ duh fruuhfwhg iru ryhuodsslqj +Kdqvhq hw Krgulfn/
4<;3, dqg iru khwhurvfhgdvwlflw| +Zklwh/ 4<;3, dqg duh hvwlpdwhg dv vxjjhvwhg e|
Qhzh| dqg Zhvw +4<;:,1 w0vwdw lv wkh Vwxghqw w0glvwulexwlrq dvvrfldwhg zlwk wkh whvw
ri wkh k|srwkhvlv ￿
E6c?￿
￿ @3 1 Xqghu wkh w0vwdw/ ehwzhhq eudfnhwv/ wkh s0ydoxhv duh
hydoxdwhg zlwk dv|pswrwlf vwdqgdug ghyldwlrq dqg e| errwvwudsslqj vlpxodwlrq +vhh
vhfwlrq 51515,1 Iru vshfl￿fdwlrq +ll,/ hvwlpdwhv iru p @5dqg 6 kdyh ehhq pdgh rqo|
i r uy d o x h vr iq wkdw duh pxowlsohv ri p1 Wkh hvwlpdwlrqv kdyh ehhq fduulhg rxw ryhu
wkh shulrg iurp 4<;4=4 wr 4<<:=45 plqxv p |hduv iru vshfl￿fdwlrq +l,/ dqg ryhu wkh
shulrg iurp 4<;4=4 wr 4<<:=45 plqxv +q ￿p, |hduv iru vshfl￿fdwlrq +ll,1
4;Wdeoh 6 = Ghfrpsrvlwlrq ri ￿
E6c?￿







fkdqjh lq h{fhvv uhwxuq
udwh htxdwlrq htxdwlrq
￿{o ￿ U2









































31796 313<< 3194: 3148<
3183; 3145: 3196: 314;6
31857 3146; 31968 314;;
3185: 31477 3195; 314<4
3185< 3147< 31956 314<6
31868 31488 31955 314<:
31959 31439 31<;< 31556
319:: 31475 31<86 31576
31:4< 314:4 31<83 3158<
31:9< 31533 31<9< 315;3
31;4; 3155< 31<<7 31633
31<<; 314:9 41687 315:;
31<:: 314<< 415;8 315<9
41364 3156: 41637 3165:



































315<: 31485 3163: 3148;
31648 313;< 317:8 314;3
316<; 313<4 31893 31495
3195: 31479 318;4 31458
31:<6 314;7 3199: 31468
31<34 31556 31<86 31567
31578 313;3 317:: 31576
31748 313<9 31969 314<6
















fkdqjh lq h{fhvv uhwxuq
udwh htxdwlrq htxdwlrq
￿{o ￿ U2









































31866 31467 317;8 31446
3175< 31433 31745 313<7
316;4 313<6 316:8 313<3
31693 313<: 3168: 313<8
31683 31437 3167: 31436
31678 31447 31677 31446
41399 31566 31;5< 31488
31<6: 31553 31:73 31483
31;68 31545 31994 31478
31:8< 3153< 318<< 31475
31:39 31544 3188; 31477
41<99 31875 41938 31775
41;36 31887 417;; 3178;
41959 31883 41676 31787



































316;6 31575 31578 31449
31:67 31656 31755 3146:
4149< 3179< 3196; 31543
41965 3194: 31;9< 3164:
51377 31:7; 41495 31833
5155; 31;58 415<: 31964
31968 31673 316:5 31485
41799 31:3; 31;85 31793












￿ lv wkh vdph dv lq Wdeoh 51 Iru wkh orqj0whup udwh htxdwlrq/ ￿{o dqg
￿ U2
















| 1 Iru wkh vkruw0whup udwh htxdwlrq/ ￿{o dqg ￿ U2
{o duh
























￿ dqg ￿ ￿
E6c?￿
￿ / l @4 >5/ duh hvwlpdwhg
xvlqj htxdwlrq +9,1 Iru wkh vkruw0udwh htxdwlrq/ hvwlpdwhv iru p @5dqg 6 kdyh
ehhq pdgh rqo| iru ydoxhv ri q wkdw duh pxowlsohv ri p1 Wkh hvwlpdwlrqv kdyh ehhq
fduulhg rxw ryhu wkh shulrg iurp 4<;4=4 wr 4<<:=45 plqxv p |hduv iru wkh orqj0whup
udwh htxdwlrq/ dqg ryhu wkh shulrg iurp 4<;4=4 wr 4<<:=45 plqxv +q ￿ p, |hduv iru
wkh vkruw0whup udwh htxdwlrq1
53Wdeoh 7= Phdqv dqg vwdqgdug ghyldwlrqv ri Ilvkhu ghfrpsrvlwlrq yduldeohv iru
4<;404<<:
yduldeoh Orqj0whup udwh pdwxulw| +q/l q| h d u v ,
56789:
Sdqho D= Iudqfh
whup vsuhdg 31385 314;9 315:9 3177< 3199< 31;6;
V
E￿c?￿
| +3177;, +319;3, +31;39, +31;84, +31:<8, +31:<;,





| +31:35, +41394, +41747, +41:4:, +41<57, +513;7,





| +31;;8, +416;6, +41;3:, +513:<, +51537, +5164<,
Sdqho E= Jhupdq|
whup vsuhdg 31485 315:: 31698 31845 31:38 31;:9
V
E￿c?￿
| +3169:, +3194:, +31;34, +31<87, +41357, +4143;,





| +318;3, +31<47, +41543, +417:8, +4198;, +41:66,





| +318;<, +31<3;, +413<4, +414<3, +41588, +415;:,
Qrwh= wkh vkruw0whup pdwxulw| lv p @4|hdu1 Wkh phdqv dqg vwdqgdug ghyldwlrqv
ri wkh whup vsuhdgv duh qrw wkh vdph dv lq Wdeoh 4= wkh| gr qrw fryhu wkh vdph shulrg/
vlqfh wkh frpsxwdwlrq ri wkh prvw uhfhqw lq dwlrq udwh lpsolhv wkh orvv ri wkh odvw q
|hduv1
54Wdeoh 8= Lqirupdwlrq frqwhqw derxw ixwxuh lq dwlrq iru 4<;404<<:






























Lq dwlrq udwh htxdwlrq +l,
e
E6c?￿







Uhdo lqwhuhvw udwh htxdwlrq +ll,
e
E6c?￿






















































































Lq dwlrq udwh htxdwlrq +l,
e
E6c?￿







Uhdo lqwhuhvw udwh htxdwlrq +ll,
e
E6c?￿



















































































Qrwh= Wkh hvwlpdwh ri wkh frqvwdqw lv qrw vkrzq lq wkh wdeoh1 Wkh dv|pswrwlf
vwdqgdug ghyldwlrqv/ lq eudfnhwv/ duh fruuhfwhg iru ryhuodsslqj +Kdqvhq hw Krgulfn/
4<;3, dqg iru khwhurvfhgdvwlflw| +Zklwh/ 4<;3, dqg duh hvwlpdwhg dv vxjjhvwhg e|
Qhzh| dqg Zhvw +4<;:,1 w0vwdw lv wkh Vwxghqw w0glvwulexwlrq dvvrfldwhg zlwk wkh whvw
ri wkh k|srwkhvlv e
E6c?￿
￿ @3 1 Xqghu wkh w0vwdw/ ehwzhhq eudfnhwv/ wkh s0ydoxhv duh
hydoxdwhg zlwk dv|pswrwlf vwdqgdug ghyldwlrq dqg e| errwvwudsslqj vlpxodwlrq +vhh
vhfwlrq 51515,1 Wkh hvwlpdwlrqv kdyh ehhq fduulhg rxw ryhu wkh shulrg iurp 4<;4=4 wr
4<<:=45 plqxv p |hduv1
56Wdeoh 9 = Ghfrpsrvlwlrq ri e
E6c?￿







lq dwlrq udwh uhdo udwh
htxdwlrq htxdwlrq
￿{Z ￿ U2
{Z ￿oo ￿ U2
oo


































31939 31:<7 31:87 31;;6
31<86 31;9; 4158; 31<66
415:4 31<46 419:4 31<87
41777 31<5; 41;95 31<93
418:6 31<64 41<6; 31<8;
4197: 31<64 51335 31<8:
31786 31<3: 318:; 31<79
31:<3 31<86 4134: 31<:6
31<<: 31<8; 415<7 31<:9
41467 31<8: 41774 31<:8
41544 31<86 41876 31<:6
316;8 31<88 317:: 31<:4
318<6 31<97 31:98 31<:<
31:77 31<8; 31<86 31<:9






















lq dwlrq udwh uhdo udwh
htxdwlrq htxdwlrq
￿{Z ￿ U2
{Z ￿oo ￿ U2
oo


































31849 31;:3 31897 31;<5
31;74 31<5< 31;<: 31<73
41467 31<86 413;: 31<84
41665 31<8; 414:5 31<7;
4176: 31<89 4154; 31<75
41765 31<85 41575 31<73
31748 31<58 31738 31<58
31:73 31<98 31964 31<88
31<;8 31<:3 31:84 31<84
41465 31<:3 31;5; 31<7:
414:7 31<97 31<36 31<77
316:5 31<9: 315;6 31<78
31976 31<;4 31779 31<94
31;73 31<;4 318:7 31<93


















￿ lv wkh vdph dv lq Wdeoh 81 ￿oo dqg ￿ U2
oo duh rewdlqhg iurp wkh hvwlpdwh
ri htxdwlrq +46,1 ￿{Z dqg ￿ U2
{Z duh rewdlqhg iurp htxdwlrq +47,1 tE6c?￿/ ￿E6c?￿ dqg
￿ e
E6c?￿
￿ duh hvwlpdwhg xvlqj htxdwlrq +45,1 Wkh hvwlpdwlrqv kdyh ehhq fduulhg rxw ryhu
wkh shulrg iurp 4<;4=4 wr 4<<:=45 plqxv p |hduv1
57Dsshqgl{= Frqvwuxfwlqj |lhog fxuyhv iru Ihghudo Jryhuqphqw erqgv
Dv zh qhhg |lhogv iru d vhw ri ￿{hg pdwxulwlhv iurp 4 |hdu wr 43 |hduv/ zh lq0
whusrodwh }hur0frxsrq |lhog fxuyhv xvlqj vhfxulwlhv zlwk frpsdudeoh fkdudfwhulvwlfv>
wklv wkhq hqdeohv xv wr fkrrvh wkh hvwlpdwhg |lhog dvvrfldwhg zlwk hdfk ri wkh ghvluhg
pdwxulwlhv1
D 0 Iuhqfk gdwd
Dv lq pdq| rwkhu frxqwulhv/ Iuhqfk sxeolf ghew ehjdq wr ulvh hvvhqwldoo| dw wkh
ehjlqqlqj ri wkh 4<;3v1 Krzhyhu/ lqlwldwlyhv wr kduprql}h dqg vwdqgdugl}h jryhuq0
phqw vhfxulwlhv/ ghvljqhg wr pdnh wkh pdunhw pruh oltxlg/ zhuh qrw wdnhq xqwlo wkh
plg04<;3v zlwk wkh fuhdwlrq ri RDWv +Reoljdwlrqv Dvvlplodeohv gx Wu￿vru 0 ixqjleoh
Wuhdvxu| erqgv, lq Pd| 4<;81 Xqwlo wkh plg04<;3v/ wkh Iuhqfk jryhuqphqw vhfxulwlhv
pdunhw zdv wkxv uhodwlyho| looltxlg dqg khwhurjhqhrxv/ frpsulvlqj= luuhghhpdeoh vhfx0
ulwlhv +uhqwhv shus￿wxhoohv, dqg rog0idvklrqhg jryhuqphqw erqgv +uhqwhv dpruwlvvdeohv
dqg/ iurp 4<:9/ hpsuxqw g*Hwdw, dqg hyhq pruh vshfl￿f vhfxulwlhv1 Ixuwkhupruh/
wkhvh fodvvhv zhuh wkhpvhoyhv qrw xqlirup / vlqfh qxphurxv vshfldo fodxvhv frxog eh
lqfoxghg zkhq d qhz vhfxulw| zdv lvvxhg/ uhodwlqj wr dvshfwv vxfk dv uhydoxdwlrq ri wkh
uhlpexuvhg fdslwdo/ prgl￿fdwlrq ri wkh qrplqdo frxsrq/ phwkrg ri uhlpexuvhphqw
+e| orw/ rq pdwxulw|/ ghihuuhg,/ ghihuuhg uhghpswlrq/ hwf1 Ehfdxvh ri wkh pxowlsolflw|
ri vshfl￿f ihdwxuhv/ wkhuh lv olwwoh edvlv iru frpsdulqj wkh |lhogv ri wkhvh gl￿huhqw
vhfxulwlhv1
Wkh }hur0frxsrq |lhog fxuyhv duh frqvwuxfwhg rq wkh edvlv ri ￿{hg0udwh Iuhqfk
jryhuqphqw erqgv ghqrplqdwhg lq iudqfv/ olvwhg rq wkh Sdulv pdunhw1 Wklv gh￿qlwlrq
fryhuv prvw luuhghhpdeoh vhfxulwlhv dqg rog0idvklrqhg erqgv dqg RDWv1 Zh holplqdwh
wkh uhqwhv shus￿wxhoohv dqg uhqwhv dpruwlvvdeohv iurp wkh gdwd vhw ehfdxvh ri wkh
gl!fxow| ri hydoxdwlqj wkhlu h{0srvw |lhog= wkh| frqwdlqhgqxphurxv vshfldo fodxvhv> lq
prvw fdvhv/ wkh| zhuh uhghhphg ehiruh pdwxulw|> dqg wkh| zhuh sduwlfxoduo| looltxlg/
zklfk frxog ohdg wr dqrpdolhv lq txrwhg sulfhv1 Olnhzlvh/ zh gr qrw xvh vhfxulwlhv
uhghhphg e| orw dqg vrph hpsuxqwv g*Hwdw dqg RDWv zlwk vshfldo fkdudfwhulvwlfv
+vxfk dv hpsuxqwv g*Hwdw zlwk ghihuuhg sd|phqw ri wkh ￿uvw frxsrqv dqg RDWv zlwk
h{fkdqjh rswlrqv,1
Vshfldo wuhdwphqw lv qhfhvvdu| iru hvwlpdwlqj wkh vkruw hqg ri wkh |lhog fxuyh lq wkh
hduo| 4<;3v +iurp 4<;3 wr 4<;6,1 Xvlqj wkh ydulrxv ￿owhuv ghvfulehg deryh ohdyhv dq
lqvx!flhqw qxpehu ri jryhuqphqw vhfxulwlhv zlwk d vkruw uhvlgxdo pdwxulw| +w|slfdoo|
ohvv wkdq 5 |hduv,1 Wklv sureohp lv dffhqwxdwhg e| wkh devhqfh ri olvwhg vkruw0whup
jryhuqphqw vhfxulwlhv/ vlqfh Wuhdvxu| eloov dqg Wuhdvxu| qrwhv glg qrw dsshdu xqwlo
4<;91 Zh wkxv lqfoxgh lqwhuedqn udwhv lq wkh hvwlpdwlrqv> wklv surylghv d vkruw0
whup dqfkru iru wkh |lhog fxuyh/ vlqfh wkh ￿uvw srlqw ri wkh hvwlpdwhg |lhog fxuyh
lv gh￿qhg e| wkh fdoo0prqh| udwh1 Wklv lv ri frxuvh dq dssur{lpdwlrq/ vlqfh wkhuh
pd| lq wkhru| eh d suhplxp ehwzhhq jryhuqphqw vhfxulwlhv dqg lqwhuedqn vhfxulwlhv
zlwk wkh vdph uhvlgxdo pdwxulw|1 Krzhyhu/ ryhu wkh shulrg 4<;30;6 dw ohdvw/ lw lv qrw
srvvleoh wr hvwlpdwh wklv suhplxp lq wkh devhqfh ri vkruw0whup jryhuqphqw vhfxulwlhv1
Vxevhtxhqwo| +l1h1/ iurp 4<;7,/ wkh h{lvwhqfh ri jryhuqphqw vhfxulwlhv zlwk vkruw
uhvlgxdo pdwxulwlhv doorzv xv wr glvshqvh zlwk wkh lqwhuedqn udwhv1 Zh qhyhuwkhohvv
nhsw wkh fdoo0prqh| udwh lq wkh hvwlpdwlrqv/ vr dv wr nhhs wkh fxuyh dqfkruhg wr wkh
vkruwhvw pdunhw udwh1 Dv zh duh frqfhuqhg zlwk orqj pdwxulwlhv +4 |hdu wr 43 |hduv,/
wklv dssur{lpdwlrq rq wkh vkruw vhjphqw ri wkh fxuyh lv xqolnho| wr kdyh d ghflvlyh
h￿hfw1
58Wkh qxpehu ri vhfxulwlhv xvhg iru wkh hvwlpdwlrqv urvh vkduso| diwhu 4<;8= ehwzhhq
4<;3 dqg 4<;7/ dq dyhudjh ri 43 vhfxulwlhv zhuh lqfoxghg/ frpsduhg zlwk dq dyhudjh
ri 4; ehwzhhq 4<;8 dqg 4<;< dqg 53 ehwzhhq 4<<3 dqg 4<<:1
E 0 Jhupdq gdwd
Lq Jhupdq|/ wkh sxeolf ghew vhfxulwlhv lqfoxgh erqgv lvvxhg e| wkh Ihghudo Uh0
sxeolf ri Jhupdq| +Dqohlkhq ghu Exqghvuhsxeoln Ghxwvfkodqg,/ erqgv lvvxhg e| wkh
￿Jhupdq Xqlw|￿ Ixqg +Dqohlkhq ghu Exqghvuhsxeoln Ghxwvfkodqg ￿ Irqgv ￿Ghxwvfkh
Hlqkhlw￿,/ erqgv lvvxhg e| wkh HUS Vshfldo Ixqg +Dqohlkhq ghu Exqghvuhsxeoln
Ghxwvfkodqg ￿ HUS0Vrqghuyhupøjhq,/ erqgv lvvxhg e| wkh Wuhxkdqg djhqf| +Dq0
ohlkhq ghu Wuhxkdqgdqvwdow,/ erqgv lvvxhg e| wkh Jhupdq Ihghudo Udlozd|v dqg wkh
Jhupdq Ihghudo Srvw R!fh +Dqohlkhq ghu Ghxwvfkhq Exqghvedkq dqg Dqohlkhq ghu
Ghxwvfkhq Exqghvsrvw,/ ￿yh0|hdu vshfldo Ihghudo erqgv +Exqghvreoljdwlrqhq,/ ￿yh0
|hdu vshfldo Wuhxkdqg djhqf| erqgv +Wuhxkdqgreoljdwlrqhq,/ vshfldo erqgv lvvxhg
e| wkh Jhupdq Ihghudo Srvw R!fh +Srvwreoljdwlrqhq,/ wuhdvxu| erqgv lvvxhg e| wkh
Jhupdq Ihghudo Udlozd|v dqg wkh Jhupdq Ihghudo Srvw R!fh +Vfkdw}dqzhlvxqjhq
ghu Ghxwvfkhq Exqghvedkq dqg Vfkdw}dqzhlvxqjhq ghu Ghxwvfkhq Exqghvsrvw,d q g
Ihghudo wuhdvxu| qrwhv +Vfkdw}dqzhlvxqjhq ghv Exqghv, +vhh Ghxwvfkh Exqghvedqn/
4<<8/ dqg Vfklfk/ 4<<9/ iru dgglwlrqdo ghwdlov,1 Wkh gdwd vhw kdv ehhq nlqgo| surylghg
e| wkh Exqghvedqn1
Lq frqvwuxfwlqj Jhupdq }hur0frxsrq |lhog fxuyhv/ zh ￿uvw holplqdwh erqgv lvvxhg
e| wkh Jhupdq Ihghudo Udlozd|v dqg wkh Jhupdq Ihghudo Srvw R!fh iurp wkh gdwd
vhw/ ehfdxvh wkh| sd| dq dgglwlrqdo suhplxp frpsduhgwr rwkhu sxeolf ghew vhfxulwlhv1
Pruhryhu/ zh vhohfw vhfxulwlhv zlwk d ￿{hg pdwxulw| dqg dq dqqxdo frxsrq1 Wkh odvw
erqgv zlwk vhpl0dqqxdo frxsrq sd|phqwv pdwxuhg lq Ghfhpehu 4<;31
Wkh qxpehu ri vhfxulwlhv xvhg iru wkh hvwlpdwlrqv dsshduv wr eh odujh hqrxjk= lw
lqfuhdvhv iurp 93 lq 4<;3 wr derxw 433 diwhu 4<;71 Wkh qxpehu ri vhfxulwlhv zlwk d
vkruw uhvlgxdo pdwxulw| lv udwkhu orz dw wkh ehjlqqlqj ri wkh 4<;3v/ exw qhyhu dv orz
dv iru Iuhqfk gdwd1 Wkhuhiruh/ zh gr qrw lqfoxgh lqwhuedqn udwhv lq wkh hvwlpdwlrq1
F 0 Phwkrg iru lqwhusrodwlqj wkh |lhog fxuyhv
Iuhqfk dqg Jhupdq }hur0frxsrq |lhog fxuyhv duh frqvwuxfwhg xvlqj wkh dssurdfk
lqlwldoo| sursrvhg e| Qhovrq dqg Vlhjho +4<;:,1 Wkh pdlq dvshfwv ri wklv phwkrg
fdq eh vxppdul}hg dv iroorzv1 Wkh }hur0frxsrq |lhog lv h{suhvvhg dv d qrq0olqhdu















| +￿, lv wkh hvwlpdwhg/ frqwlqxrxvo| frpsrxqghg/ }hur0frxsrq |lhog dw
gdwh w iru d vhfxulw| zlwk uhvlgxdo pdwxulw| p dqg iru d yhfwru ri sdudphwhuv ￿ @
i￿￿>￿ 2>￿ ￿>￿￿j1
Wklv lqwhusrodwlrq ixqfwlrq kdv wkuhh pdlq surshuwlhv= ￿￿ lv wkh orqj0whup }hur0
frxsrq |lhog> +￿￿ . ￿2, ghqrwhv wkh lqvwdqwdqhrxv lqwhuhvw udwh> wkh sdlu +￿￿>￿￿,
pdnhv lw srvvleoh wr wdnh dffrxqw ri srvvleoh |lhog fxuyh frqyh{lw|1
Wkh vhfrqg surshuw| pdnhv lw srvvleoh wr frqvwudlq hvwlpdwlrq ri wkh sdudphwhu
￿2 vxfk wkdw +￿￿ . ￿2, lv htxdo wr wkh vkruwhvw pdunhw udwh +lq wkh fdvh ri Iuhqfk
gdwd/ wkh fdoo0prqh| udwh,1 Dw wlphv ri prqhwdu| wljkwhqlqj/ wklv lv xvhixo iurp dq
hpslulfdo vwdqgsrlqw zkhq wkhuh duh ihz vhfxulwlhv dydlodeoh rq wkh vkruw vhjphqw ri
wkh |lhog fxuyh1
59Xvlqj wkh vwdqgdug htxdwlrq iru ydoxlqj d erqg/ wkh hvwlpdwhg sulfh ri d jlyhq



















zkhuh f lv wkh frxsrq/ S
E6￿
| +￿, lv wkh hvwlpdwhg sulfh +h{suhvvhg dv d shufhqwdjh ri
sdu,/ P lv wkh qxpehu ri ixoo |hduv wr pdwxulw| dqg i @ p ￿ P wkh iudfwlrq ri dq|
dgglwlrqdo |hdu1 Wkh hvwlpdwhg |lhogv ri wkh vhfxulwlhv xqghu uhylhz duh frpsxwhg




















| +￿, lv wkh hvwlpdwhg |lhog1
D fulwhulrq iru plqlpl}lqj wkh vxp ri wkh vtxduhv ri wkh uhvlgxdov fdq wkhq eh















&c| lv wkh revhuyhg |lhog wr pdwxulw| ri wkh vhfxulw| q/ zlwk uhvlgxdo pdwxulw|
p/d wg d w hw> |
E6￿
&c| +￿, lv wkh hvwlpdwhg |lhog ri wkh vhfxulw| q> N| lv wkh qxpehu ri
vhfxulwlhv xvhg lq wkh hvwlpdwlrq dw gdwh w1
5:Notes d'Études et de Recherche
  1. C. Huang  and  H.  Pagès, “Optimal Consumption and Portfolio Policies with an Infinite
Horizon: Existence and Convergence,” May 1990.
    2. C.  Bordes, «  Variabilité de la vitesse et volatilité de la croissance monétaire  : le cas
français », février 1989.
  3. C. Bordes, M. Driscoll and A. Sauviat, “Interpreting the Money-Output Correlation: Money-
Real or Real-Real?,” May 1989.
  4. C. Bordes, D. Goyeau et A. Sauviat, « Taux d'intérêt, marge et rentabilité bancaires : le cas
des pays de l'OCDE », mai 1989.
  5. B. Bensaid,  S. Federbusch  et  R. Gary-Bobo,  « Sur  quelques  propriétés  stratégiques  de
l’intéressement des salariés dans l'industrie », juin 1989.
  6. O. De Bandt,  « L'identification  des  chocs  monétaires  et  financiers  en  France :  une  étude
empirique », juin 1990.
  7. M. Boutillier et S. Dérangère, « Le taux de crédit accordé aux entreprises françaises : coûts
opératoires des banques et prime de risque de défaut », juin 1990.
    8. M.  Boutillier and B.  Cabrillac, “Foreign Exchange Markets: Efficiency and Hierarchy,”
October 1990.
  9. O. De Bandt et P. Jacquinot, « Les  choix  de  financement  des  entreprises  en  France :  une
modélisation économétrique », octobre 1990 (English version also available on request).
10. B. Bensaid and R. Gary-Bobo, “On Renegotiation of Profit-Sharing Contracts in Industry,”
July 1989 (English version of NER n° 5).
11. P. G. Garella and Y. Richelle, “Cartel Formation  and  the  Selection  of  Firms,”  December
1990.
12. H.  Pagès and H.  He, “Consumption and Portfolio Decisions with Labor Income and
Borrowing Constraints,” August 1990.
13. P. Sicsic, « Le franc Poincaré a-t-il été délibérément sous-évalué ? », octobre 1991.
14. B. Bensaid and R. Gary-Bobo, “On the Commitment Value of Contracts under Renegotiation
Constraints,” January 1990 revised November 1990.
15. B. Bensaid,  J.-P. Lesne,  H. Pagès  and  J. Scheinkman,  “Derivative  Asset  Pricing  with
Transaction Costs,” May 1991 revised November 1991.
16. C. Monticelli and M.-O. Strauss-Kahn, “European Integration and the Demand for Broad
Money,” December 1991.
17. J. Henry and M. Phelipot, “The High and Low-Risk Asset Demand of French Households: A
Multivariate Analysis,” November 1991 revised June 1992.
18. B. Bensaid and P. Garella, “Financing Takeovers under Asymetric Information,” September
1992.19. A. de Palma  and  M.  Uctum, “Financial Intermediation under Financial Integration and
Deregulation,” September 1992.
20. A. de Palma, L. Leruth and P. Régibeau, “Partial Compatibility with Network Externalities
and Double Purchase,” August 1992.
21. A. Frachot, D. Janci and V. Lacoste, “Factor Analysis of the Term Structure: a Probabilistic
Approach,” November 1992.
22. P. Sicsic et B. Villeneuve, « L'Afflux d'or en France de 1928 à 1934 », janvier 1993.
23. M.  Jeanblanc-Picqué and R.  Avesani, “Impulse Control Method and Exchange Rate,”
September 1993.
24. A. Frachot and J.-P. Lesne, “Expectations Hypothesis and Stochastic Volatilities,” July 1993
revised September 1993.
25. B.  Bensaid and A.  de  Palma, “Spatial Multiproduct Oligopoly,” February 1993 revised
October 1994.
26. A. de Palma and R. Gary-Bobo, “Credit Contraction in a Model of the Banking Industry,”
October 1994.
27. P.  Jacquinot et F.  Mihoubi, «  Dynamique et hétérogénéité de l'emploi en déséquilibre  »,
septembre 1995.
28. G. Salmat, « Le retournement conjoncturel de 1992 et 1993 en France : une modélisation
V.A.R. », octobre 1994.
29. J. Henry and J. Weidmann, “Asymmetry in the EMS Revisited: Evidence from the Causality
Analysis of Daily Eurorates,” February 1994 revised October 1994.
30 O.  De  Bandt, “Competition Among Financial Intermediaries and the Risk of Contagious
Failures,” September 1994 revised January 1995.
31. B.  Bensaid et A.  de  Palma, «  Politique monétaire et concurrence bancaire  », janvier 1994
révisé en septembre 1995.
32. F. Rosenwald, « Coût du crédit et montant des prêts : une interprétation en terme de canal
large du crédit », septembre 1995.
33. G.  Cette et S.  Mahfouz, «  Le partage primaire du revenu  : constat descriptif sur longue
période », décembre 1995.
34. H. Pagès, “Is there a Premium for Currencies Correlated with Volatility ? Some Evidence
from Risk Reversals,” January 1996.
35. E.  Jondeau and R.  Ricart, “The Expectations Theory  : Tests on French, German and
American Euro-rates,” June 1996.
36. B. Bensaid et O. De Bandt, « Les stratégies “stop-loss” : théorie et application au Contrat
Notionnel du Matif », juin 1996.37. C.  Martin et F.  Rosenwald, «  Le marché des certificats de dépôts. Écarts de taux à
l'émission : l'influence de la relation émetteurs-souscripteurs initiaux », avril 1996.
38. Banque de France - CEPREMAP - Direction de la Prévision - Erasme - INSEE - OFCE,
« Structures et propriétés de cinq modèles macroéconomiques français », juin 1996.
39. F. Rosenwald, « L'influence des montants émis sur le taux des certificats de dépôts », octobre
1996.
40. L. Baumel, « Les crédits mis en place par les banques AFB de 1978 à 1992 : une évaluation
des montants et des durées initiales », novembre 1996.
41. G.  Cette et E.  Kremp, «  Le passage à une assiette valeur ajoutée pour les cotisations
sociales : Une caractérisation des entreprises non financières “gagnantes” et “perdantes” »,
novembre 1996.
42. S. Avouyi-Dovi, E. Jondeau et C. Lai Tong, « Effets “volume”, volatilité et transmissions
internationales sur les marchés boursiers dans le G5 », avril 1997.
43. E. Jondeau et R. Ricart, « Le contenu en information de la pente des taux : Application au
cas des titres publics français », juin 1997.
44. B. Bensaid et M. Boutillier, « Le contrat notionnel : Efficience et efficacité », juillet 1997.
45. E. Jondeau et R. Ricart, « La théorie des anticipations de la structure par terme : test à partir
des titres publics français », septembre 1997.
46. E. Jondeau, « Représentation VAR et test de la théorie des anticipations de la structure par
terme », septembre 1997.
47. E. Jondeau et M. Rockinger, « Estimation et interprétation des densités neutres au risque :
Une comparaison de méthodes », octobre 1997.
48. L. Baumel et P. Sevestre, « La relation entre le taux de crédits et le coût des ressources
bancaires. Modélisation et estimation sur données individuelles de banques », octobre 1997.
49. P. Sevestre, “On the Use of Banks Balance Sheet Data in Loan Market Studies : A Note,”
October 1997.
50. P.-C. Hautcoeur et P. Sicsic, “Threat of a Capital Levy, Expected Devaluation and Interest
Rates in France during the Interwar Period,” January 1998.
51. P. Jacquinot, « L’inflation sous-jacente à partir d’une approche structurelle des VAR : une
application à la France, à l’Allemagne et au Royaume-Uni », janvier 1998.
52. C. Bruneau et O. De Bandt, « La modélisation VAR structurel : application à la politique
monétaire en France », janvier 1998.
53. C. Bruneau et E. Jondeau, “Long-Run Causality, with an Application to International Links
between Long-Term Interest Rates,” June 1998.
54. S. Coutant, E. Jondeau et M. Rockinger, “Reading Interest Rate and Bond Futures Options’
Smiles: How PIBOR and Notional Operators Appreciated the 1997 French Snap Election,”
June 1998.55. E. Jondeau et F. Sédillot, « La prévision des taux longs français et allemands à partir d’un
modèle à anticipations rationnelles », juin 1998.
56. E.  Jondeau et M.  Rockinger, “Estimating Gram-Charlier Expansions with Positivity
Constraints,” January 1999.
57. S.  Avouyi-Dovi et E.  Jondeau, “Interest Rate Transmission and Volatility Transmission
along the Yield Curve,” January 1999.
58. S. Avouyi-Dovi et E. Jondeau, « La modélisation de la volitilité des bourses asiatiques »,
janvier 1999.
59. E. Jondeau, « La mesure du ratio rendement-risque à partir du marché des euro-devises »,
janvier 1999.
60. C. Bruneau and O. De Bandt, “Fiscal policy in the transition to monetary union: a structural
VAR model,” January 1999.
61. E. Jondeau and R. Ricart, “The Information Content of the French and German Government
Bond Yield Curves: Why Such Differences?” February 1999.
Pour tous commentaires ou demandes sur les Notes d'Études et de Recherche, contacter la bibliothèque du Centre de
recherche à l'adresse suivante :
For any comment or enquiries on the Notes d'Études et de Recherche, contact the library of the Centre de recherche at
the following address:
BANQUE DE FRANCE
41.1391 - Centre de recherche
75 049 Paris CEDEX
tél : 01 42 92 49 59